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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 LNW80 
voids all warranties, implied or expressed. Also 
we will not repair or correct owner modifications. 
~e cannot possibly support owner hardware/circuit 
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 LNW80 is the Z80A 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 logic, and system control logic • 

CPU CONTROL 
.........._SYSTEM CONTROL 

CPU 
_ _.,_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. 

1---t1 .. ~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. 

+-+DATA BUS 
SYSTEM CONTROL RAM 

+--.ADDRESS BUS 

KEYBOARD 

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

DATA OUT 

ENABLE--. KEYBOARD 

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 
ADD ES~ BUS 1 ENABLE/CONTROL crGNALS R _,, ·-- _e ;;:> 

1 
VIDEO VIDEO 

11,illX I VIDEO _. 

DIVIDER .... .... 
CHAIN RAM PROCESSING 

• J r VIDEO ADDRESS 

DO'l' CLOCK 

2 

___.,VIDEO 
OUTPUT 



TAPE INTERFACE 

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

TAPE 
INTERFACE 

SERIAL INTERFACE 

OUT ----___ J L .. ___ _ 

IN j r-

TAPE 
RECORDER/ 

PLAYER 

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. 

DATA BUS 4-+ 

RX BAUD .__. 

TX BAUD ____ _., 

r· ErJP...EI..f/CONTHOL SIGIYALS 

RS232C --•TRANSMIT 

PORT ....._RECEIVE 

FLOPPY DISK CONTROLLER (FDC) 

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

DATA BUS._.... FLOPPY 

AO,A1 ~ FDC DISK 

CLK--_,. INTERFACE DRIVE FDC 
t- contro 1/ data .._.. 
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SYSTEM CLOCK 

THEORY OF OPERATIONS 
LNW80 BOARD 

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

During 4MHz operation, U87 will be preset with 0,1,l 
at pins 3,4, and S respectively resulting in a divide by 
four of the system clock. At 4MHz, the signal NHI* (Ul5-2) 
will be a logic "0". Thus when ROMRD* (U15-l) is active, a 
WAIT* will be generated through U31 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 "0" at IMREQ*, 
the one-shot at Ul20 will be triggered forcing Ul20-4 low. 
This results with a logic "0" at U29-4 resulting in a CPU 
speed of l.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 

·rhe Z80A provides 16 address lines which define the 
64K of addressable memory locations. These address lines 
are buffered from the Z80A through U3 and US. U3-l and US-1 
should be a logic "0" thus enabling their outputs at all 
times. The upper addresses are latched through US, an 
LS373, to prevent the address from changing prematurely. 
During refresh time, the lower 7 bits contain a valid 
tef resh address. 
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CPU DATA BUS 

The CPU utilizes an 8-bit bidirectional data bus. 
The data bus is used for data exchanges with memory and I/O 
devices. The data is buffered through U4 and Ul7. DBIN 
(Ul-10) is used for directional control. When DBIN is a 
logic "l" 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 
LNW80 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 LNW80 (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 U31. 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 Jl 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 procesor. 

The INT* signal is a maskable interrupt to 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 Jl 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 Z80A CPU is 
fully buffered, all the buffers (U3, U4, US, 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 LNW80 board. One important consideration is that the 
dynamic program RAM's are refreshed by the Z80A processor. 
Therefore, any controlling device on the expansion bus must 
consider memory refresh. 

5 



CPU CONTROL SIGNALS 

The ZRD* signal is a tri-state output, active low. 
ZRD* indicates that the CPU is ready to receive data from 
memory or an I/O device. It is input to U36 pins 4 and 12. 
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 (USl-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 holds valid data to be 
stored in memory or an I/O 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 I/O address for an I/O 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*, I IN* will be enabled 
(U35-11). ZIORQ* is also combined with ZMl* 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 "l" 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 AlS 
and IMREQ* as enables and Al2, Al3, and Al4 as inputs. 
Refer below for a listing of the memory mapped sections of 
the LNW80 along with their decoded addresses. 
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LNW80 MEMORY MAP 

ADDRESS 
DECIMAL HEX DEVICE 
================================================== 
0 
12288 

0 
3000 BASIC ROM 

================================================== 
12289 
14301 

3001 
37DD UNUSED 

================================================== 
14302 
14303 
14304 
14305 
14308 
14312 
143!6 

37DE 
37DF 
37E0 
37E! 
37E4 
37E8 
37EC 

COMMUNICATION STATUS ADDRESS 
COMMUNICATION DATA ADDRESS 
INTERUPT BATCH ADDRESS 
DISK DRIVE SELECT LATCH 
CASSETTE SELECT LATCH 
PARALLEL PRINTER ADDRESS 
FLOPPY DISK CONTROLLER ADDRESS 

================================================== 
14336 
!4591 

3800 
38FF KEYBOARD 

================================================== 
!5360 
!6383 

3C00 
3FFF LO-RES VIDEO RAM 

================================================== 
16384 
32767 

4000 
7FFF 16K PROGRAM RAM 

================================================== 
32768 
65535 

8000 
FFFF 32K RAM (EXPANSION BOARD) 

================================================== 

ROM 
' 

The LNW80 ROM consists of six EPROMs. ROMA is 
memory mapped from 0 to 2K, ROMA! from 2K to 4K, ROMB from 
4k to 6K, ROMS! 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 ROMA!, pins 20 are enabled by "0-4K*" 
(U6-15). "0-4K*" goes low when U6 pins 1,2,3,4, and 5 
at logic levels "0","0","0","0, and "0" respectively. 
is inverted at U50-8 and enables either ROMA and ROMA! 
pins 18. 

are 
RAll 
at 

ROMS and ROMS!, pins 20 are enabled by "4-8K*" 
(U6-14). "4-8K*" goes low when U6 pins 1,2,3,4, and 5 are 
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at logic levels "l","0","0","0", and "0" respectively. RAll 
enables either ROMS or ROMBl at pins 18. 

ROMC and ROMCl, pins 20 are enabled by "8-12K*" 
(U6-13). "8-l2K*" goes low when U6 pins 1,2,3,4, and 5 are 
at logic levels "0 ,"l","0","0", and "0" respectively. RAll 
enables ROMC or ROMCl at pins 18. 

Addresses A0 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 "0-4K*", "4~8K*", or "8-12K*"• 

PROGRAM RAM 

The LNW80 utilizes the l6Kxl 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) L 
ZMREQ* (U2-l9) 

A121-Al5 (U3,U5) ~~~~~~M_E_M_O_R_Y~AD~D_R_·~~~~r__ 

RAS* (Ul8-l4) \ __ _ 
MUX* (Ul8-5) 

CAS* (Ul8-l2) 

WR* (Ul8-7) I 

FIGURE l. MEMORY WRITE TIMING DIAGRAM 
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RAM REFRESH 

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

The LNW80 utilizes the Z80A CPU to generate the 
refresh to the RAM's. The memory refresh address is output 
on the lower 7 address bits during refresh time. An 
instruction fetch will increment the refresh register. 

The LNW80 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 A0-A7 as the RAM 
address. 

KEYBOARD 

The LNW80 keyboard is designed specifically for the 
LNW80 computer providing a 62 keypad, an 11 key numeric 
keypad, and all the special functions that are available to 
you through the LNW80 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+, NEWDOS80, 
and ELECTRIC PENCIL. 

SPECIAL KEYBOARD FUNCTIONS 

RESET (RST): 

HIGH LOW: 

CONTROL: 

CAPS LOCK: 

Fl, F2: 

Both RST keys must be depressed to reset 
the computer. 

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

This is a special software controlled key. 
It is used in software such as the 
ELECTRIC PENCIL word processing program. 

Disables lower case characters. 

User definable keys. Needs special 
software driver. 
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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 10.738MHz clock at Ull9-6. This 
signal appears as a sine wave and is exactly 3 times the 
color frequency of 3.579MHz. Ul21 executes a divide by 2. 
This results in 2 input frequencies to the divider chain at 
Ul22. 

In the standard 64 character mode, 32CHAR*(Ul22-l) 
will be high so that the B inputs to Ul22 will be selected 
therefore the clock input at Ul38-9, CLKT, will be 
10.738MHz. Ul38 provides the basic timing signals for video 
processing. Figure 2 represents a timing diagram for the 
outputs of Ul38 and Ul55 in the 64 character mode. 

CLKT 
(Ul38-9) 

Tl _J (Ul38-5) 

T2 r (Ul38-7) 

T3 
(Ul38-10) 

T4 
(Ul38-12} 

TS 
(Ul38-l5) 

T6 
(Ul38-2) 

T7 
(Ul55-6) 

FIGURE 2 
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During 64 character mode, T7* is selected as the 
control clock(CNTRCLK) for the video timing chain(Ul22-12). 
The circuitry of Ul38 and Ul55 effectively produces a divide 
by 12 such that T7* is 10.738MHz/12 or 894.SKHz. Note also 
that T7 is selected as CHARl(Ul22-9). CNTRCLK is the clock 
input to Ul60 and Ul6l(Sl6l's). Figure 3 illustrates the 
outputs of Ul60 and Ul61. 

T7 (Ul55-6) 
894.88KHz 

CHAR2 (Ul61-14) 
447.4KHz 

CHAR4 (Ul61-13) 
223.7KHz 

CHARS (Ul61-12) 
lll.86KHz 

CHAR16 (Ul61-ll) 
55.93KHz 

CHAR32 (Ul60-14) 
27.97KHz 

L 

L 

L 

FIGURE3 

Note that HORTP(Ul60-13) is not half the frequency 
of CHAR32(Ul60-l4). T6INH*(Ul55-9) prevents the completion 
of its period by clearing Ul60 and Ul61 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 0.9lus 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. Ul67 is used to add the additional 
delay in T6INH*. It is ANDed with T6 at Ul54 thus delaying 
T6* (Ul54-8) from clearing Ul38. 

HSTP(Ul68-ll) is the ORing of CHAR16 and CHAR32, 
ANDed with HORTP. This is the horizontal sine timing pulse. 
Its frequency is 15.750KHz. Refer to figure 4 for the 
timing diagram. 

1 1 



Ul59-12 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. 1st, it is the 
data input to Ul24 which when clocked clea·rs l,1155 and thus 
enabling T6INH*. Also it is the input to Ul5~-13 and thus 
increments the row count. 

CHAR16 
(Ul61-11) 

CHAR32 
(U160-14) 

HORTP 
(U160-l3) 

HSTP 
(Ul68-ll) 

11 Ul59-12 11 

64th 

. .___I ---

Char 
t 

FIGURE 4. 

Positi'on 112th 
t 
I 

r 

Char P·osition 

Each character position consists of a 6xl2 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 Ul56 setting the row 
count back to zero and also clocking Ul53-ll 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 l.524ms. Its 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(Ul56-6) as did 
for HORTP in that Ul56 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 l6.76ms. The 
resultant VERTP frequency is 59.66Hz. 

In the 32 character mode, Ul22-l goes low selecting 
the S.369MHz clock for CLKT. The result is that all of the 
outputs of Ul38 are exactly one half the frequency that they 
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were in 64 character mode. T5* is selected as CNTRCLK and 
CHAR1 is ground. Note that because T7* 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 
u 161 • 

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 
through 16383. 
with 12 rows. 
represented by 

·I 0 o I 
15 14 13 

region is memory mapped at locations 15360 
It has 63 characters and 16 lines, each line 

The video addressing of this region is 
the following: 

384 x 192 INNER REGION 

ROW LINE I CHARACTER 

12 11 10 9 8 7 6 5 4 3 2 1 0 (ADDRESS) 

~ / ~ 
SPECIFIES 

ROWS 
0-11 

SPECIFIES 
LINES 
0-15 

SPECIFIES CHAR 
POSITION 

0-63 

AO-A5 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 
additional 16 character positions for a total of 80. The 
following illustrates the addressing of this region: 
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96 X 192 EXTENSION REGION 

0 0 I l l I ROW I LINE I Row I CHAR 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 l 0 (ADDRESS) 

~// ~ 
SPECIFIES 

LEAST 
SIGNIFICANT 
2 BITS OF 4 

BIT ROW FIELD 

SPECIFIES 
LINES 
0-15 

SPECIFIES 
MOST 

SIGNIFICANT 
2 BITS OF 4 

BIT ROW FIELD 

SPECIFIES 4 BIT 
FIELD WHICH 
DEFINES THE 

EXTENSION REGION 
CHARACTER POSITION 

A0-A3 specify character 0-15 of the extension 
region, A4-A5 specify the most significant 2 bits of the 4 
bit row field, A6-A9 specify lines 0-15, and Al0-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"!" 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 Ul39, Ul40, Ul44, and Ul45 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-l) 
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*(Ul21-8) is the select for Ul39, Ul40, Ul44, 
and Ul45. 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 into 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. Ull4 uses the least 4 significant data bits and Ull5 
the 4 most significant data bits. 
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When the CPU wishes to access the video ram it 
must execute a read or write operation while placing a video 
address on the address bus. For the Low-Resolution (LORES) 
Video Ram this address must be from (3C0¢-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 "0" at 
VID* (U35-7). WR* will be low. These are the inputs to Ul52 
pins 4 and 5 respectively. When both are low the output, 
VIDWRT*(U152-6), will go low. This is the input to Ul54, 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, pin6 will go high clocking Ul53. DATALAT{Ul53-5) 
will be high and Ul53-6 will be low. CLKADRSDTA (Ul37-6) 
will go high latching U98, Ul41, and Ul43. Thus the CPU 
addresses, the CPU data, and VIDWRT* are latched. VIDWRT* 
is latched at Ul4l-4. It becomes LVIDWRT*. LVIDWRT* and 
T2* are input at U151 pins 12 and 13 respectively. T2* 
prevents the LORES video 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 Ul21 
resulting in a logic "0" at CPUACC*(Ul21-8). 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* {Ul39-12). 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 U153, and the resulting low signal at DATALAT clears 
Ul21. CPUACC* goes high and the video address is returned 
to the video divider chain. 

A LORES vide~ read is very similar to the write. 
VID* will be decoded from the video address. RD* will be 
low. These are the inputs to Ul52 pins 1 and 2 
respectively. This will place a low input to Ul54 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 Ul25. VIDRO* 
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/O are mapped. I/O 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 
03=1, using the OUT command in basic to turn on this bit 
will be fatal to the compute~ since the computer will 
execute out of graphics Ram instead of Rom. 

T3 (MUX) 
(Ull2-l) 

GCAS* 
(Ulll-15) 

GRAS* 
(Ulll-4) 

WRT4116* 
(Ulll-3) 

l __ L 

J 

l.__ __ ----11 
GRAMA 0-13 ~· x .x= 
(Ul05,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/O Port 254 is decoded by U33 and U54. FEOUT* 
(U54-12) is used to clock U67. When U67 is clocked and 
D3=1, GRRDEN* (U67-6) becomes logic "0". This inputs to 
U66-12. When the CPU places an address of the lower 16K on 
the address bus, A14 and Al5 will be low at U66 pins 10 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-ll. GLWR16K* is inverted at U51 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 Ul52 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* (Ul52-8) will enable 
Ul54-4. The video address and data control signals are the 
same as for the LORES write operation. WRT4116* (Ul39-4) is 
inverted through Ul18 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 into 
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. In 
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 U117 
(LS174's). Ull6 latches the lower 5 data bits. Ul17 
latches D6 and D7, also the video control signals. D0-D5 
and D7 are latched directly at the end of the timing chain 
cycle by TS*. D6 passes through U81 and U82. When CAPS* 
(U82-4) is true D6 is disabled, and DLYD6 becomes a function 
of DS 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. 06 is a "l" for all lower case 
characters. When a lower case character is decoded and the 
CAPS* key is depressed, DLYD6 will be "0" thus disabling 
lower case. The HIRES video also uses an LS174, Ul26, and 
it too is clocked by TS*. 
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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. 

Ul00 is the Character Generator. The ASCII word is 
presented to Ul00 pins 1 through 7 from Ull6 and Ull7. Ul00 
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 6xl2 dot matrix. This matrix is divided into 
six rectangles as shown in figure 7. U83 is a dual 4xl data 
multiplexer. It uses ROW4 and ROWS as selects. Each 3x4 
rectangle is either "on" of "off". When the ROW count is 
between 0 and 3, DLYD0 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 DLYD5 
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. 

0 1 

2 3 

4 5 
1~- 3 DOTS41 

ONE CHARACTER POSITION 6xl2 DOTS 

6 GRAPHIC CELLS 
EACH CELL 3x4 

1 x "5""4""3""2""1""0" 

7 6 5 4 3 2 l 0 (DATA BIT) 

T 
4 SCAN LINES 

1 
FIGURE 7 
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ALPHANUMERIC/GRAPHIC SHIFT REGISTERS 

U101 is the alphanumeric shift register, U84 is the 
LORES graphic shift register, and Ul27 is the HIRES graphic 
shift register. All three receive parall~l 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 to Ul02 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 Ul01. 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 alphanume.ric 
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. CTRLT5 
has the same purpose as described for the alphanumeric shift 
register. DLYLDHDG* provides blanking after the 80th 
character and below the 16th line. DLYLDINH* prevents 
loading during CPU access time. 
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INVERSE VIDEO 

Inverse Video is controlled through Port 254. When 
D0 is set to a one and output to Port 254, VIDEOINV (U67-10) 
becomes a logic one. VIDEOINV drives U82-l an input of an 
exclusive or gate (74LS86). When VIDEOINV is a "l" 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-ll. 

HORIZONTAL AND VERTICAL SYNC TIMING 

U20 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 Rl45. When R145 is 
set for some resistance U20-10 directly drives an RC timing 
delay circuit formed by Rl45 and C23. When VERTTP goes to a 
logic "!", C23 begins to charge. As it charges, the voltage 
at the input of U37-5 (74C04) rises. When the voltage 
reaches the threshold of a logic "l" (around 4 volts since 
this is CMOS logic), the output of U37-6 becomes a logic 0 
(U37 is an inverter). The logic 0 output of U37-6 drives 
the input of the next inversion stage of U37-9. The logic 0 
is inverted and the output of U37-8 becomes a logic "1" and 
stays that way until VERTTP returns to a logic 11 0 11 • By 
changing the "R" of the Rl45 and C23 "RC" circuit the 
vertical sync pulse is varied. This allows the adjustable 
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-l. 

The horizontal sync circuits work in a similar manner 
with the HORIZONTAL SYNC TIMING PULSE (HSTP) driving U20-13. 
Rl44 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 (Ul33-l) of the horzontal sync 
period. The Burst one-shot is described further in the 
section entitled "COLOR VIDEO". 

COMPOSITE VIDEO MIXING CIRCUITS (HI-RES) 

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

1.8Vp.p 
SYNC 
LEVEL 

• 4 v: _ __._. __ _ 

l+-SCAN-.1 
LINE 

-I !­
HORIZONTAL SYNC 

WHITE LEVEL 

BLACK LEVEL 
VERTICAL 

I• SYNC -·~J 

The "sync level" extends from 0 volts to .4 volts. 
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 voltage 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 Ql and thus the video 
output is 0 volts. During the non-sync period U20-3 is 
"low" and "turns on" Q2. This causes 5 volts to be driven 
into voltage divider Rl9 and Rl6 and the base of Ql. 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 Rl7 has no effect in the 
circuit and around 2.5 volts drives the base of 
emitter-follower Ql. With around .7 volts drop the output 
of Ql (75 ohms impedance) is 1.8 volts. When the video dot 
is NOT to be displayed, COMBVID* is high and Rl7 now appears 
in the circuit from the base of Ql to ground. This causes 
the voltage at the base of Ql to be reduced to around 1 volt 
thus with a .7 volt drop at Ql (base to emitter) the output 
is at the "black level" or .4 volts. C7, R22, and ca serve 
to filter, reduce power dissipation in Ql, and serve as 
short-circuit protection. Rl21 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 LNW80 refreshes the screen at a rate of 60 hz with 262 
lines. Countries which have AC power frequencies of 50hz use 
PAL, SECAM, or other color systems with 312 scanned lines at 
a 50hz vertical rate. These systems are not compatible with 
the LNW80 set up for NTSC at 60hz. 

Color video works much the same as black and white. 
The video signal also is l.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 
color oscillator in the roonitor (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 horizontal sync or the COLOR 
BURST and is illustated below: 

111""'._-VIDEO 
BLACK LEVEL 

~--3.579545 MHZ 
BURST 

ev~~~~======::.~~~~~~~~~~~~~~~~~ 

I--I 
HORIZONTAL SYNC PULSE 

COLOR MODES 

In the LNW80 there are two possible color modes-low 
resolution and high resolution. The bandwidth of NTSC video 
only allows the low resolution mode to be displayed. In 
order to display the high resolution color, an RGB type 
direct drive monitor must be used and the optional 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 color operation. 

LOW RESOLUTION COLOR 

In low resolution color mode, HRES will be low and 
HRES* will be high. This causes Ul29 to be enabled and Ul31 
to be disabled via two gates of U52. U52-13 (COLOR) is 
high, U52-2 (HRES*) is high and U52-l is VIDEO, thus the 
output of U52-12 which allows Ul29 to be selected to drive 
color information to Ul30 (NTSC ROM) will go low along with 
VIDEO. This means that the low resolution text and graphics 
information from the MODE 0 display will select whether or 
not the color information is to be passed on the NTSC ROM or 
the display will be black. When Ul29 is not enabled (it is a 
tri-state) gate pull-up resistors Rl01, Rl00, and R93 pull 
the floating inputs of the NTSC ROM to a logic "l". A logic 
"l" 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 Ul06-Ulll. The 6 bits of 
data, instead of being fed into a shift register (Ul27) to 
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be sent out one bit at a time (as in high resolution 
graphics), is latched again into Ul28. It is fed to Ul28 
for another level of delay to syncronize the Black and White 
video information (being shifted out of U101 or U84). Once 
latched into Ul28, the 6 bits represent two 3 bit (1 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 Ul01, T3 is a logic 0. This drives the least 
significant 3 bits of Ul28 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 Ul28 are driven into Ul30 to 
define the color. Remember that if VIDEO was false, Ul29 is 
disabled completely thus overriding the contents of Ul28 
(displaying black). 

NTSC COLOR ROM 

The NTSC COLOR ROM translates a 3 bit color code 
(0-7), SYNC and BURST (timing) into the proper R-Y (COLORB), 
B-Y (COLORA), and LUMINANCE (LUM) that the MC1372 requires 
to do the color encoding. The NTSC ROM (Ul30) is a high 
speed bipolar open collector prom. Ul30 combined with 
ladder resistors R85-92, R94, R99 and Rl02-112l5 form a high 
speed digital to analog converter to translate the digital 
color codes 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(Hex) CO LORA COL ORB LUM 

(Hex) COLOR SYNC BURST 
A0 Al A2 A3 A4 COLOR 

===================:======================================= 
00 0 0 0 0 0 6C WHITE 1.5V l.5V .38 
01 l 0 0 0 0 D5 GREEN 1.0 1.0 .5 
02 0 l 0 l2J f2J cc YELLOW 1.5 1.0 .38 
03 1 l 0 0 f2J 7A RED 2.0 1.5 .62 
04 0 0 l fi} 0 FD MAGENTA 2.0 2.0 • 50 
05 l 0 l 0 0 EA BLUE 1.5 2.0 .62 
06 0 1 l 0 0 75 CYAN 1.0 1.5 .50 
07 1 l 1 0 0 6B BLACK 1. 5 1.5 .70 
08 0 0 0 l 0 6F SYNC 1.5 1.5 1.00 
======================== to 
0F l l l l 0 6F SYNC 1.5 1.5 1.00 
10 f2J 0 f2J 0 1 AE BURST 1.5 1. 25 .75 
======================== to 
17 l 1 1 0 1 AE BURST 1.5 1.25 .75 
18 121 0 0 1 1 6F SYNC 1.5 1.5 1. 00 
======================== to 
lF 1 l l 1 l 6F SYNC 1.5 1.5 1.1210 
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COLOR BURST ONE-SHOT 

When HSYNC transitions from high to low (the end of 
the horizontal sync pulse) Ul33-13 strobes, using R8121 and 
C83 for RC timing. The one-shot time is approximately 
2usec. During this time, BURST is high and drives A4 of 
Ul3121, the NTSC ROM. When A4 is high, the correct analog 
levels are supplied to Ul46 (MC1372) to output a burst 
reference signal with the correct phase and amplitude. 

U146-MC1372 COLOR ENCODER 

The MC1372 is a linear IC which contains both a 
chroma oscillator and the necessary chroma (color) encoder. 
Ul46 pins 1 and 2 along with Y2 the 3.579545 MHz crystal, 
C94 and 95, and Rlf216 form the complete color reference 
oscillator (chroma oscillator) circuit. C95 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-lf21 to provide the color to luminance dot clock 
synchronization signal (COLORSYNC). Ul33 with timing 
resistor Rlf217 (and no timing capacitor) forms a 5121-7121 
nanosecond pulse generator. Ul33-5 drives open-collector 
inverter Ul62-11. Inverted and pulled up by R97, this 
generates COLORSYNC. 

COLORA, COLORS, and LUM information from Ul3121 
determines the luminance level and the phase encoding of the 
video information that is output by the MC1372 on pin 12. 
Rlf219 sets the output bias and CR! selects the composite 
video polarity. The output of Ul46-12 (COLOROUT) is 
amplified and level shifted by Ql3, Rl23 and Rl29. Ql4 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-lf21) is fed back into Ul46-8 through 
Rll7 and blocking capacitor Cllf21. Ul62-l2, Clll, and Rl18 
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-l2). 

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. In high 
resolution color Ul29 is disabled and Ul31 is enabled via 
U52-8 when HRESVID (U52-10), COLOR (U52-ll), and HRES 
(U52-9) are true. In the high resolution color mode the dot 
information is supplied by the high resolution memory 
(480xl92) and the color information is supplied by the low 
resolution memory (128xl6 lines). Ul32 latches the output 
of the text memory and drives the multiplexer Ul31. Ul31 
provides the RGB ROM with the least 3 bits of the text data 
(DLY0-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-l2). This disables both Ul3l and 
Ul29. Thus Ul30 receives no color or luminance information 
from Ul3l or Ul29. Ul30 still receives Sync information. 
Since U68-l2 is low, video information passes directly 
through to U68-l3 to drive the open-collector driver, 
Ul62-l. This through R95 then feeds dot information 
(luminance) directly into the MC1372 (Ul46) while Ul30 
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=l CLOCK DATA=0 CLOCK DATA=l CLOCK 

...._l•--T--... j 

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 l ms. This timing results 
in a transfer rate of 500 baud and 1000 baud respectively. 
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The cassette routines are resident in the Level II 
ROM's and cassette is accessed as an I/O port. When a CSAVE 
is entered, the address FF is placed on the address bus 
along with OUT* (UlS-3) going low. The result is that 
FFOUT* (U54-ll) goes low. When this happens D2 will go high 
and will be clocked into US. This will turn U9 on and 
therefore the relay Kl. This shorting of pins l and 3 of 
the cassette connector through Kl will turn the cassette 
motor on. D0 and Dl also get clocked into US with timing 
that results in the above diagram. 

The cassette loading operation is accomplished 
through U21 A, B, and c. Refer to the figure below. 

CASSETTE WAVEFORMS 

Cassette Input 

Gate of QlS 

U21 pin S 

U21 pin 7 u u 

The signal from the cassette is voltage divided by 
R24 and R25. U21A is a two pole active high pass filter 
which will eliminate noise. U21B along with UlS 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 QlS 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 U21C 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 onto D7. 

POWER SUPPLY 

The LNW80 power supply section is designed to power 
both the LNW80 computer board and the LNW expansion board. 

The LNW80 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 
15,000 ufd capacitor. This capacitor must be located 
somewhere off the LNW80 board. Q3, Q7, Q8, Q9, and Ql0 
provide the regulated +5 volt supplies. All +5 volt outputs 
are connected through diodes to a summing point at thte 
anode of Ql2. If any of these voltages exceeds 
approximately 6.2V then CR24 will begin to conduct. While 
the gate of Ql2 remains unchanged, the anode voltage will 
begin to rise higher than the gate. This will cause Ql2 to 
begin conducting which will fire SCRl causing Fl to open. 
This overvoltage protection prevents damage to components 
due to high voltage. 

CR15 rectifies the AC signal which is then filtered 
by Cl21. Q4 regulates thte voltage to +12 volts. If the 
voltage at JP9 exceeds 13 volts, CRll 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. 

Rl38 limits the current, Cl37 provides DC blocking 
and CR19 and CR16 provide a voltage doubler. Qll will then 
provide a -12 volt regulated output which supplies both the 
LNW80 computer and expansion board. 

The voltage at the negative lead of Cl31 is 
regulated by Rl33 and CR14 and it is then filtered by Cl30. 
This -5 volts is used both for the LNW80 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 LNW80 
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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LNW80 EXPANSION BUS 

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

PIN # SIGNAL NAME DESCRIPTION 

l RAS* ROW ADDRESS STROBE 
2 SYSRES* SYSTEM RESET 
3 CAS* COLUMN ADDRESS STROBE 
4 A10 ADDRESS INPUT 
5 Al2 ADDRESS INPUT 
6 Al3 ADDRESS INPUT 
7 Al5 ADDRESS INPUT 
8 GND GROUND 
9 All ADDRESS INPUT 

10 Al4 ADDRESS INPUT 
ll AS ADDRESS INPUT 
12 OUT* I/O WRITE STROBE 
13 WR* WRITE STROBE 
14 INTACK* INTERUPT ACKNOWLEDGE 
15 RD* READ STROBE 
16 MUX ADDRESS MULTIPLEXER 
17 A9 ADDRESS INPUT 
18 D4 DATA BUS 
19 IN* I/O READ STROBE 
20 D7 DATA BUS 
21 INT* MASKABLE INTERUPT 

REQUEST 
22 Dl DATA BUS 
23 TEST* BUS REQUEST 
24 D6 DATA BUS 
25 A0 ADDRESS INPUT 
26 D3 DATA BUS 
27 Al ADDRESS INPUT 
28 D5 DATA BUS 
29 GND GROUND 
30 D0 DATA BUS 
31 A4 ADDRESS INPUT 
32 D2 DATA BUS 
33 WAIT* Z80A CPU WAIT 
34 A3 ADDRESS INPUT 
35 A5 ADDRESS INPUT 
36 A7 ADDRESS INPUT 
37 GND GROUND 
38 A6 ADDRESS INPUT 
39 GND GROUND 
40 A2 ADDRESS INPUT 
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MEMORY EXPANSION 

The Expansion Board contains 16 additional 4116 type 
RAM chips at U42-49 and U53-60. U37 and U38 (LS24l'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 U30. 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 l 
of U34 and U35 is low. 32KRAMEN* and 48KRAMEN* are fed into 
Ull pins 2 and l respectively. When either goes low the 
output (Ull-3) will go low. This signal is used to gate RD* 
through U29 pins 9 and 10 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 thu~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 LNW80 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 37E0 to 37EC (HEX) 
are decoded through Ul9. 

When the CPU places an address in this range on the 
address bus RAS* (U30-l) will go low indicating a valid 
address. All of the inputs to U31 will go high resulting in 
a logic "0" at U3l-8. All, Al4, and Al5 will be low such 
that all of the inputs to U30, pins l,2,3,13, and 14, will 
be low. U30-4 will go low enabling U30-l2 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 decode them may be found below: 

PIN# FUNCTION 
ADDRESS 

DECODE WR* RD* 
==================================================== 

7 INTERUPT RESET 37E0H l 0 
6 N/C 37E4 l 0 
5 PRINTER STATUS READ 37E8 l 0 
4 FLOPPY READ 37EC l 0 
9 MOTOR ON/DRIVE SELECT 37E0 0 l 

10 CASSETTE 37E4 0 l 
ll PRINTER WR STROBE 37E8 0 l 
12 FLOPPY WRITE 37EC 0 l 

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/O port is accessed by either writing or 
reading from address 37E8 Hex. This address is decoded at 
U30, U31, and Ul9. 

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 
----------------

D7 
D6 
DS 
D4 

Printer Status 
----------------------------
Printer Busy 
Paper Empty 
Unit Select 
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 "l". 
When this occurs, the paper empty status will also be a 
logic "l". 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 US 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 
l.Sus. 

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

Character 
------------------

0A(Hex) 
0D 

Function 
----------------
Line Feed 
Carriage Return 

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

CLOCK CIRCUIT 

The Expansion Board Main Clock is a 4 MHz 
oscillator, utilizing Yl 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-l2, which is then input to U22-3 which again divides 
by 2 resulting in the l MHz clock input to the FLOPPY 
CONTROLLER (Ul4). 

U24 effectively produces a divide by 13 of the 4 MHz 
clock resulting in a 307 KHz clock at U24-ll. This is used 
to clock U25, a 4 bit binary counter. Its 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 11 resulting in a 3.49KHz clock at Ul7-ll. This 
is input to Ul0-14, which does a divide by two such that 
Ul0-12 is a l.75KHz clock. 

The 2nd half of Ul0 is clocked by U25-ll (19.2KHz) 
and does a divide by 8. The outputs of Ul0 provide the 
other 4 baud rate clock signals. Baud rate clocks will be 
discussed in the section entitled "SERIAL INTERFACE". 
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Ul0-ll (2.4KHz) is clocked into U9-l which set for a 
divide by 6 resulting in an output of 400Hz. 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 involved in reading and writing data to and 
from the disk has the following internal features: 

l. 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 Ul9-4 
(37EC READ*) will be low enabling U8 and Ul5 to buffer data 
from Ul4 to the data bus. US 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-A0 READ WRITE 
----- ---------- =========== ----- ----------

0 0 STATUS Rffi. COMMAND Rffi. 
0 1 TRACK R~. TRACK REG. 
l 0 SECTOR Rffi. SECTOR Rffi. 
1 1 DATA REG. DATA R~. 

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 l 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 D0-D3 is clocked 
into Ul3 by 37E0 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-l9 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 visualizing 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 jumpering 
A,B,C,D,E,F,G, or H to the RX and TX line. (Note that on 
the pre-assembled LNW80 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. 

TRl602B UART 

The TRl602B 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 bi ts). Refer to the. 
Data Sheet of the Western Digital TRl602B for further 
details of operation. 

EIA RS232C and 20~ LEVEL SHIFTERS AND DRIVERS 

The serial output of U40 is pin25 (TRQ). It drives 
Ul8 for buffering to EIA Driver U6l-9 and the 20~ driver 
U50-6. Serial data can be output by U26-l0 which drives 
both U50-7 and U6l-l0. U50, R23, and R24 provide the 20~ 
interface. When U50 conducts it allows about 20~ of 
current to flow (20~=mark,0~=space). Received serial data 
is brought in to USl-4. U5l is an EIA to TTL receiver. The 
20~ 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-l2 to be read as part of the Modem Status Buffer. 

HANDSHAKE LATCH 

U26 is the handshake latch. D0-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 U6l-l2,l3 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 ESH (Ul6-7} goes 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 ES or 
E6 select whether the associated data bit is a "l" or a "0" 
when U2S 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 U41 and Ul6. U41 decodes the upper 6 bits 
(ES) and outputs to the strobe inputs of Ul6. The lower two 
address bits (Al,A0} 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 l 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 ESH - Modum Status Register 
IN E9H - Configuration Jumpers 
IN EAH - UART Status Register 
IN EBH - UART Receive Register, Data Received Reset 

OUT ESH - Master Reset 
OUT E9H - Not Used 
OUT EAH - Control Register Load, Handshake Latch Load 
OUT EBH - Transmit Holding Register Load 
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SERIAL INTERFACE PORT ADDRESSING 

I 
UART Control 

~ata Jumper Configuration Register UART Status Modem Status 
Bit Letter Jumpers Handshake Latch Register Register 

07 j Even/Odd Parit Even/Odd Parity Data Receive< Clear to send 
l=Even O=Odd l=True Pin 5 DB-25 

06 m Word Length 1 Word Length 1 THRE l=True DSR 
Pin 6 DB-25 

OS p Word Length 2 Word Length 2 OverrunError CD 
·l=True Pin 8 DB-25 

04 n Stop Bit Slct. Stop Bit Slct. Framing Err. Ring Indctor. 
1=2bits,O=lbit 1=2bits,O=lbit ~=True Pin 22 DB-25 

03 k Parity Inhibit Parity Inhibit Parity Error 
I: disabled par. 1 disabled par. l=True 

02 Break, 0 Disable 
Transmit Data 

Dl Request to Send Receiver In. 
Pin 4 DB-25 UART Pin 20 

DO Data Terminal 
Ready 
Pin 20 DB-25 

IN ,t1E9H OUT t)EAH IN .0EAH I IN .0E8H 

REAL TIME CLOCK 

The 40 Hz Real Time Clock is output from Ul2-ll and 
used to clock U2lB. This clocks a logic "0" to U2l-9 which 
presets U2lA. This places a logic "l" at U2l-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 U20 and thus 
presets U22B. U22-9 goes high and is inverted through Ul 
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which sends a rnaskable interupt request 
responds by decoding 37E0RD* at Ul9-7. 
U21B, clocks a logic "0" into U2lA, and 
of U3B. If bit D7 is a logic "l", then 
the interupt request. 

to the CPU. The CPU 
37E0RD* presets 
enables the output 
the RTC generated 

The programming of the Real Time Clock can be by DOS 
or in a User's Machine Program. Note 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 FDl77l (single density controller) and 
the FDl79l (single and double density controller). The 
reason that the FDl77l 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. US 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 DAL0* into Ul6-l2. Double density operation is 
selected when DOUBLE and DOUBLE* are high and low 
respectively. 

The signal DOUBLE is input to Ul0-3, Ull-l, and 
U2-2. When Ul0-3 is low, the FDl77l is enabled. Ull is used 
to select the STEP, DIRC, WD, and WG signals to be output to 
the Floppy from either the FDl77l or FDl79l. When Ull-l is 
low the single density controller outputs will be selected. 
U2 enables VFOE* (U2-3). This signal is input to the WDl69l 
and will be explained later. 

The signal DOUBLE* is input to 
U8-l5. When U9-3 is low, the FDl79l is 
enables the FDl79l for double density. 
the WDl69l for double density. 

CLOCK CIRCUIT 

U9-3, U9-37, and 
enabled. U9-37 
And U8-l5 enables 

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-l3 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). In 8" operation the 4MHz 
clock is selected and then divided by 2. CLKI is used to 
clock both the F0177l and the FOl79l 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, Ul7 will 
be preset upon power up or reset and the control signals 
FIVE (Ul7-9) and FIVE* (Ul7-8) 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 11 operation may also be selected through 
software switching. When memory location 37EE is written to 
with data bits 07=1 and 06=1 the LNDOUBLER will switch to 8" 
operation. When memory location 37EE is written to with 
data bits 07=1 and 06=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 ROIN* (U4-l2). In 8" 
operation ROIN* has a pulse width of approximately 225us. 
In 5.25" operation ROIN* has a pulse width of approximately 
450us. 

FIVE is input to Ul3-l, 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 (Ul3-10), and gnd (Ul3-13). 

The inputs to Ul3 associated with 8" operation are a 
4MHz clock (Ul3-5), a 4MHz voltage controlled oscillator 
(Ul3-ll), and TG43MUX* (Ul3-l4) 
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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 FDl 771 and FDl 791 as STG43 
and DTG43 respectively. STG43 and DTG43 are then inverted 
through US, an open collector inverter, and the outputs are 
tied together producing TG43MUX*. In 5.25" operation TG43 
is always enabled. In 8" mode TG43 is enabled only for 
tracks 44-76. 

ANALOG PHASE LOCK LOOP DATA SEPARATION 

UlS, an LS629, provides the VCO, voltage controlled 
oscillator frequency of 4MHz (2MHz for 5.25" operation) for 
the WDl69l (US). In order to guarantee that it is not 
sensitive to power supply variations, VRl (78L05) 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 
WDl69l 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 WD2l43 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 200ns +/- 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 WD2l43 and the WDl69l refer to the 
data sheets. 

WAIT LOGIC 

The "wait" logic circuitry consists of Ul, 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=l and 05=1 then the "wait" logic is turned on. 
When memory location 37EE is written to with data bits D7=l 
and D5=0 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 l.77MHz CPU 
speed an explanation of its operation follows: 

l. The "wait" logic is turned on 
2. The FDC is initialized and registers set 
3. The command is given to the FDC to read 

or 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 goes 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. If the condition that turned off the wait was (c) 
then the wait 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 
LNW80. 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 
+SV +/- .3V 

+l2V +/- .SV 
-l2V +/- .SV 

-SV +/- .3V 

TEST POINT 
JPl;JP3;JP5 
JP9 
JP7 
JPll 

Note that the -sv supply is critical to the RAM's. 
If it is not present damage may occur to those parts. 
Therefore check the -sv 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 l.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 l6K level 2 TRS80 
or l6K LNW80. 

A special cable must be created in which Al5 is 
inverted from the good board to the bad board to enable the 
good board 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 470 ohm resistor 
to the base of the transistor. 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 ~70 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: lift the pins of U36-3 and U46-5; jumper U36-l2 to 
Ul8-7, Ul8-9 to Ul8-l4, and Ul8-5 to Ul8-l5. 
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CPU TO CPU TEST PROGRAM 

5 CLS:PRINT"CPU TO CPU TEST•:PRINT:PRINT:PRINT 
10 INPUT.TEST ROM,RAM,VID,KEY";ZX$ 
20 IF ZX$="ROM" THEN 100 ELSE IF ZX$="RAM" THEN 200 

ELSE IF ZX$="VID" THEN 300 ELSE IF ZX$="KEY" THEN 400 
30 GOTOl0 

100 INPUT"SELECT ROM NUMBER(A,Al,B,Cl,ALL,LOOP)";ZX$ 
105 c=-32767 
110 IF ZX$="A" THEN 120 ELSE IF ZX$="Al" THEN 121 ELSE 

IF ZX$="B" THEN 122 ELSE IF ZX$="Bl" THEN 123 ELSR 
IF ZX$="C" THEN 124 ELSE IF ZX$="Cl" THEN 125 ELSE 
IF ZX$="ALL" THEN 126 ELSE IF ZX$="LOOPn THEN 127 
ELSE 10 

120 Y=0:GOT0150 
121 Y=2048:GOT0150 
122 Y=4196:GOTOl50 
123 Y=6144:GOT0150 
124 Y=8192:GOT0150 
125 Y=l0240:GOT0150 
126 FOR X=-32767 TO -20480:IF PEEK(X)=PEEK(Y) THEN 130 

ELSE 140 
127 INPUT"LOCATION DESIRED(DECIMAL 0-12287)";Z:LET 

Z=Z-32768 
128 ?PEEK(Z):GOT0128 
130 ?Y:Y=Y+l:NEXTX:PRINT"TEST COMPLETE":GOT010 
140 PRINT.TEST FAILED":PRINT"LOC. EXPECTED ACTUAL": 

PRINT Y,PEEK(Y),PEEK(X):Y=Y+l:STOP:NEXTX 
150 A=Y+C:B=A+2047:FOR X=A TO B:IF PEEK(X)=PEEK(Y) THEN 130 

ELSE 140 
151 ?Y:Y=Y+l:NEXTX:?"TEST COMPLETE":GOT010 
200 Y=l70:FOR X=-16384 TO -l:POKE X,170:IF PEEK(X)=l70 THEN 

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

NEXT X ELSE 220 
215 ?"TEST COMPLETE":GOT010 
220 ?"TEST FAILED":?"LOC. EXPECTED ACTUAL": 

? X+32768,Y,PEEK(X):STOP:NEXTX 
300 Y=0:FOR X=-17408 TO -16385:?X+32767:POKEX,Y:Y=Y+l: 

IFY=l92 THEN Y=0 
302 NEXTX 
310 Y=0:FOR X=-17408 TO -16385:?X+32767:Z(3)=0:GOSUB600: 

IF Z(l)=Y THEN 320 ELSE 350 
320 Y=Y+l:IF Y=l92 THEN Y=0 
322 NEXTX:?"TEST COMPLETE":GOT010 
350 ?"VIDEO RAM FAILED TEST":?•Loc. EXPECTED ACTUAL": 

?X+32768,Y,PEEK(X):Y=Y+l:IF Y=192 THEN Y=0 
351 NEXT X:?"TEST COMPLETE":GOT010 
400 ?PEEK(-18177):GOT0400 
600 Z(3)=Z(3)+l:Z(l)=PEEK(X):Z(2)=PEEK(X):IF Z(l)=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 "l" 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: 

l A=PEEK(-32768):GOTOl 
l POKE -l6384,0: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. In the lst case you should 
trigger on ROMRD* (U66-6). In the 2nd case, trigger on CAS* 
(U96-l5). 

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 any 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). If 
the test does not fail but the information on the screen 
seems incorrect check the shift register at Ul27. 

10 REM HIGH RESOLUTION GRAPHICS TEST 
20 REM CASSETTE VERSION 
30 CLS 
40 PRINT"LNW RESEARCH HRES GRAPHICS TEST" 
50 FOR Z=0 TO 1000 
60 NEXT Z 
70 OUT 254,2 
80 FOR X=32512 TO 32533 
90 READ D 
100 POKE X,D 
110 NEXT X 
120 POKE 16526.0:POKE 16527,127 
125 LET Y=l 
130 FOR Z=0 TO 4 
140 REM NOW POKE DATA TO BE OUTPUT TO USR ROUTINE 
150 POKE 32522,Y 
155 GOSUB 170 
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) 
190 LET A=A AND 63 
200 IF A=Y THEN GOTO 230 
205 PRINT"MEMORY LOCATION FAILED TO READ OR WRITE 
CORRECTLY" 
207 PRINT"ADDRESS EXPECTED DATA ACTUAL DATA" 
210 PRINT X;Y;A 
220 STOP 
230 NEXT X 
240 RETURN 
270 DATA 205,127,10,219,254,246,8,211,254,54,0,0,ll0,38,0 
280 DATA 230,247,211,245,195,154,l0 
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COLOR GRAPHICS TEST AND ADJUSTMENTS 

l.Run "COLOR BAR TEST PROGRAM" and wait for it to complete. 
2.Measure the voltage at pin 6 of Ul46. Record this value, 

it should be between 1.25 and 1.75 volts. 
3.While measuring the voltage at pin 5 of Ul46 adjust R99 
so 

that the voltage is the same as the recorded value. 
4.While measuring the voltage at pin 7 of Ul46 adjust R98 
so 

that the voltage is the same as the recorded value. 
5.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 l.l volts. 

10 REM COLOR BAR TEST PROGRAM 
20 REM CASSETTE VERSION 
30 REM THIS TEST SHOULD GENERATE THE FOLLOWING COLORS: 
35 REM WHITE GREEN YELLOW RED MAGENTA BLUE BLUE-GREEN BLACK 
36 CLS:PRINTCHR$(23) 
40 PRINT "LNW RESEARCH COLOR BAR TEST" 
45 REM DELAY BEFORE STARTING TEST 
50 FOR Z=0 TO 1000 
60 NEXT Z 
70 OUT 254,4 
72 FOR X=l5360 TO 16383 
74 POKE X,255 
76 NEXT X 
80 FOR X=32512 TO 32533 
90 READ D 
100 POKE X,D 
110 NEXT X 
120 POKE 16526,0:POKE 16527,127 
125 FOR X=0 TO 12288 
130 FOR Y=0 TO 7 
135 FOR Z=0 TO 7 
150 POKE 32522,Y*9 
180 A=USR(X) 
190 LET X=X+l 
200 NEXT Z 
210 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,ll0,38,0 
280 DATA 230,247,211,254,195,154,10 

52 



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 
+5V +/- .3V 

+12V +/- .5V 
-12V +/- .5V 

-5V +/- .3V 

TEST POINT 
JP2,JP4 
JP12 
JP10 
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 program 
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 :IF 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 GAS* 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 lMHz 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 0 and 
that Ul4-23 goes high indicating that the status register is 
read¥· 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. 

RS232 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=0 TO Y=3:0UT234,Y:A=INP(232) 
20 PRINT •y=";Y,"A=";A:NEXTY 
30 PRINT"FOR Y=0, A SHOULD BE 0000XXXX BINARYn 
40 PRINT"FOR Y=l, A SHOULD BE ll00XXXX BINARY• 
50 PRINT"FOR Y=2, A SHOULD BE 0011XXXX BINARY• 
60 PRINT"FOR Y=3, A SHOULD BE llllXXXX BINARY• 

, 
This program latches data through U26 and back again 

through U33. OUT234 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. If 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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10 REM 
20 REM 
30 REM 
40 REM 
50 REM 
60 REM 
65 REM 

SERIAL CRT TERMINAL PROGRAM-CASSETTE VERSION 

THIS PROGRAM ALLOWS THE USE OF THE LNW SYSTEM 
EXPANSION CIRCUIT BOARD AS A CRT TERMINAL. THIS 
PROGRAM MAY ALSO BE USED FOR TESTING THE SERIAL 
INTERFACE BY SHORTING El AND E3 TOGETHER 

70 FOR X=28672 TO 28764 
80 READ D 
90 POKE X,D 
100 NEXT X 
110 POKE 16526,0 
120 POKE 16527,112 
130 A=USR(N) 
200 DATA 62,28,205,51,0,62,31,205,51,0,62,l4,205,51,0,211 
210 DATA 232,219,233,230,248,246,5,211,234,219,234,203,l27 
220 DATA 40,23,219,235,183,40,l8,230,127,254,96,250,45,ll2 
230 DATA 230,95,254,10,40,232,205,51,0,24,227,205,43,0,l83 
240 DATA 40,221,254,5,242,73,ll2,33,88,ll2,79,6,0,9,l26 
250 DATA 254,26,40,204,79,219,234,203,119,40,249,l21,211 
260 DATA 235,24,192,3,27,124,l27 

10 REM 
20 REM 
30 REM 
40 REM 
50 REM 
60 REM 
70 REM 
80 REM 
90 REM 
100 REM 
110 REM 
120 REM 
130 REM 
140 REM 
150 REM 
160 REM 
170 REM 
180 REM 
190 REM 

SERIAL PRINTER DRIVER PROGRAM-CASSETTE VERSION 

THIS PROGRAM ALLOWS THE USE OF A SERIAL PRINTER 
WITH THE LNW RESEARCH SYSTEM EXPANSION CIRCUIT 
BOARD. THIS DRIVER PROGRAM IS LEFT IN MEMORY AT A 
LOCATION WHICH IS UNALTERED BY BASIC AND BY USER 
PROGRAMS. THE PROGRAM IS EXECUTED DURING EVERY 
LPRINT AND LLIST FOR EACH CHARACTER TO BE PRINTED 
HANDSHAKING IS SUPPORTED AS THE SOFTWARE READS 
THE PRINTER BUSY (DSR) BEFORE OUTPUTING A 
CHARACTER. NOTE: IN ORDER FOR THIS PROGRAM TO BE 
EXECUTED, THE LINE PRINTER CONTROL BLOCK AT HEX 
4025 TO 4027 MUST BE ALTERED BEFORE PRINTING TO 
IDENTIFY THE PRINTER TYPE AND DRIVER ADDRESS. 
THE FOLLOWING LIST GIVES YOU THESE VALUES. 
l6421D 4025H DCB TYPE 02H 
l6422D 4026H LSB DRIVER ADDR. 00H 
16423D 4027H MSB DRIVER ADDR. 7FH 

002D 
000D 
127D 

200 FOR X=32512 TO 32560 
210 READ D 
220 POKE X,D 
230 NEXT X 
240 POKE 16526,0 
250 POKE 16527,127 
260 A=USR(N) 
300 DATA 245,58,48,127,254,l,40,l5,62,l,50,48,127,211,232 
310 DATA 219,233,230,248,246,4,211,234,241,219,232,203,ll9 
320 DATA 32,250,121,211,235,254,13,32,4,14,10,24,233,201,0 
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proceed to follow the logic until you're back to U40-20 
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 LNW80, BAUD RATES may only be controlled 
through hardware switches. On the factory assembled models 
this is accomplished through the use of dip switches. If 
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: VRl, 
IC15, IC3, IC8, R25, R26, Rl8, Rl3, 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 >lSMHz bandwidtht 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. SWl- "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 1.40 volts at IC8 pin 13 

4. Adjust R25 for a frequency measurement of 4.00MHz 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 200ns. 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 lid to the chassis, 3 
on the back panel and 2 in the front beneath the keyboard. 
When removing the lid be careful as the LED is connected to 
the keyboard with wires approximately 8 11 in length. The LED 
can be removed from the lid 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 
rem6ve 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 40 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 LNW80 COMPUTER BOARD 

To remove the main computer board you must lst 
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 1000. These changes enable BUS REQUEST for the LNW80. 

a. etch cuts 

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

b. jumpers 

d. Ul8-5 to U97-l 
2. Ul8-7 to U89-3 
3. U6-4 to U6-5 -
4. U36-3 to Ul52-10 

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

a. change the following parts: 

!, PART FROM: TO: 
l'' Ul38 74LS174 74Sl74 / . 
2\ Ul22 74LS157 748157 
3'. Ul39 74L8157 748157 
4. Ul60 74Sl61 74LS161 
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b. install the following capacitors: 

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

ECN 1002. Purpose: To eliminate screen "hash• from display 
when reading or writing out of text/graphics RAM 
or HIRES Graphics RAM. 

a. etch cuts 

l. Ul68-6 just above feedthrough below the number 
"l" of the "Ul68" {component side). 

2. Ul53-5 {solder side) 

b. jumpers 

l. Ul53-6 to Ul70-ll 
2. Ul70-8 to Ul70-9 
3. Ul70-12 to Ul70-l 
4. Ul70-l3 to Ul21-12 

ECN 1003. Purpose: To reduce "ringing" on the MUX and CAS* 
lines. 

a. install parts 

1. Add a 330 ohm resister from U88-l to GND. 
2. Add 100 pf cap at Rl40 {RAM side) to GND. 

ECN 1004. Purpose: To delay GRAS* approximately 20ns 
allowing DRAD0-DRAD5 to stabilize prior to 
GRAS* going active. 

a. Install l50pf ceramic cap from R83 {right side) 
to GND. 

ECN 1005. Purpose: Ensures that the video wait gets to 
the Z80. 

a. change Rl43 from 4. 7K to 470 ohms 

b. remove Cl38 

c. jumper 

1. U61-3 to Ul6-9 
2. Ul6-8 to U29-9 
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ECN 1006. Purpose: To create a wait state for Disk I/O 
to increase reliability at high speed • 

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

R30 

b •. out etch to U73-l (component side) 
cut etch to U74-6 (solder side) 

c. jumper U73•l to U60-7 
.~jumper U74-6 to U74-S 

ECN 1007. Purpose: To eliminate double clocking at Ul56-l3 
resulting in double vertical display 

a. add 220pf ceramic capacitor from UlS9-l2 
to UlS9-l4 

ECN 1008. Purpose: To eliminate the possibility of heat 
damage to board due to heat resulting from CRl7. 

a. remove the Bridge at CR17 from board 

b. mount Bridge on case using case chassis as heat 
sink 

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

d. connect the "+" output of the bridge to pin l of 
the female molex connector that fits on JS (use 
19 gauge wire) 

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

~· connect _pin l of the male molex connector on JS 
' to the feedthrough marked "+" within the silk­

screened area marked for CRl7 (use 19 gauge wire) 
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ECN 1009. Purpose: to avoid ripple on the -12V supply 
due to heat damage to C131 and C125. 

a. remove C131 and C125. 

b. install a 220 ufd +- 201 25VDC with the "-" 
leg to the "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. 

a. Change the following components: 

1. R129 from a 10K pot to 4.7K ohms 
2. R98 from a 1K pot to 750 ohms 
3. R99 from a 1K pot to 750 ohms 
4. R124 from 220 to 10 ohms 
5. R94 from a 1K pot to a 2.2K pot 
6. R109 from 2K to 1.2K ohms 
7. C113 from 220pf to 47pf MICA 
8. U119 from 74S04 to 74LS19 
9. C84 from 100pf to a 10.738MHz CRYSTAL 

NOTE: 10-14 ARE OPTIONAL 

10. U122 from 74S157 to 74LS157 
11. U121 from 74S74 to 74LS74 
12. U124 from 74S74 to 74LS74 
13. U160 from 74S161 to 74LS161 
14. U161 from 74S161 to 74LS161 

b. remove the following parts completely 

~. C140, L2, R62, R63, and R67 

c. install the following 

f. 15pf ceramic capacitor from bottom side of 
R62 to top side of R63 

2. 20K ohms 1/4W 51 from U103-8 to C140 (left side) 
}. 6.8 ufd tant. elect. parallel with R110, with 

the "+" side facing C95. 

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

e. jumper from U1-5 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* 

Verify the removal of all termination resisters 
on J3, also R68, R69, and C14 
cut etch near U10 (solder side) such that MUX is 
open circuited from U36-13 to J3-16 

ETCH CUT 
~ 

~0000000 
O""' ~oooo- PIN i 

U10 (solder side) 

3. install the following jumpers: 

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

b. Cut etch between the following pnints: 

c1. R34 and R46 (near J3) 
2. R35 and R47 (near J3) 

c. Install the following components: 

. .-l~,.100pf ceramic cap from. U36-6 to U36-10 
2·~ 100pf ceramic cap from U36-15 to U36-10 

.,.?: 330pf ceramic cap from U36-8 to U36-10 
4. 75 ohm resistor from R34 to R46 
5~ 75 ohm resistor from R35 to R47 

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 
Ul3l- 74LS257 
Ul32- 74LS174 
Ul 58- RGB ROM 
Cl46- 680 pf ceramic cap(from Ul29-l to Ul29-8) 

B. INSTALL THE FOLLOWING JUMPERS 

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

Ul62-9 TO RGB-l* VERTICAL SYNC 
Ul58-l TO RGB-2 BLUE 
~158-6 TO RGB-3 GREEN 
0158-4 TO RGB-4 RED 
Ul62-5 TO RGB-5* HORIZONTAL SYNC 
Ul58-8 TO RGB-6 GROUND 

2. USE 30 GAUGE NON-STRANDED WIRE 

U20-5 TO Ul62-3 
Ull8-8 TO Ul62-S 
Ul62-4 TO Ul62-9 
U68-l2 TO Ul$8-l4 
U68-ll TO Ul58-l3 
u130-12 TO u15a-12 
Ul30-ll TO Ul58-ll 
Ul30-l0 TO Ul58-l0 
Ul58-l5 TO Ul58-8 

C. INSTALL THE FOLLOWING RESISTORS 

lK ohms from Ul62-4 to Ul62-l4 
lk ohms from Ul62-6 to Ul62-l4 
lk onms from Ul62-8 to Ul62-l4 

* Note that factory built LNW80's are set up for both 
positive horizontal and vertical syncs. Negative sync pulses 
may be obtained by moving the following jumpers: 

RGB-l from Ul62-9 to Ul62-8 
RGB-5 from Ul62-5 to Ul62-6 
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Because U162 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 330 ohm pull-up resistors on it's 
outputs, pins l, 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 

020-5 

+5 
lK 

Ul62 0162 SYNC VERTICAL 
NEGATIVE} 

..__ ___ ....._POSITIVE SYNC ___. RGB-1 

013 e ~2----...w.t 
NTSC 

ROM 

COMBVID (068-11) 

COLOR (068-12) 

+5 
lK 

SYNC 

+5V 

RGB 

ROM 

T 

EEN RGB-3 

RGB-4 

RGB-2 

GND RGB-6 

Ul18-8 
SYNC HORIZONTAL---. RGB-5 NEGATIVE} 

Ul62 SYNC 
.__ __________ POSITIVE 

SYNC 
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SY:MBOL 

U1 
U2 
U3 
U4 
U5 
U6 
U7 
U8 
U9 
U10 
u 11 
U12 
U13 
U14 
U15 
U16 
U17 
U18 
U19 
U20 
U21 
U22 
U23 
U24 
U25 
U26 
U27 
U28 
U29 
U30 
U31 
U32 
U33 
U34 
U35 
U36 
U37 
U38 
U39 
U40 

PARTS LIST 

LNW80 COMPUTER BOARD 

DESCRIPTION 

PRINTED CIRCUIT BOARD 

*****INTEGRATED CIRCUITS***** 

74S04 
Z80A 
74LS244 
74LS241 
74LS373 
74LS138 
not used 
74LS175 
75452 
not used 
not used 
not used 
not used 
not used 
74LS32 
74LS05 
74LS241 
74LS244 
74LS11 
74C86 
TL084 
not used 
not used 
not used 
not used 
not used 
not used 
74LS08 
74LS08 
74LS05 
74S74 
74LS241 
74LS30 
74LS240 
74LS139 
74LS32 
74C04 
74LS132 
not used 
not used 
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PART NUMBER 

97002 

10003 
10042 
10061 
10031 
10032 
10020 

10028 
10036 

10012 
10006 
10031 
10061 
10009 
10015 
10041 

10007 
10007 
10006 
10014 
10031 
10011 
10030 
10021 
10012 
10002 
10019 



SYMBOL 

U41 
U42 
U43 
U44 
U45 
U46 
U47 
U48 
U49 
U50 
U51 
U52 
U53 
U54 
U55 
U56 
U57 
U58 
U59 
U60 
U61 
U62 
U63 
U64 
U65 
U66 
U67 
U68 
U69 
U70 
U71 
U72 
U73 
U74 
U75 
U76 
U77 
U78 
U79 
U80 
U81 
U82 
U83 
U84 
U85 
U86 
U87 
U88 
U89 
U90 
U91 

DESCRIPTION 

not used 
not used 
not used 
not used 
not used 
74S74 
74S74 
74LS04 
not used 
74LS04 
74LSOO 
74LS10 
74LS244 
74LS139 
74LS08 
not used 
not used 
not used 
not used 
74LSOO 
74LS02 
74LS244 
74LS244 
not used 
74LS244 
74LS32 
74LS175 
74LS02 
not used 
not used 
not used 
not used 
74LS138 
74LS30 
ROM A1 
ROM 81 
ROM C1 
ROM A 
ROM B 
ROM C 
74LS08 
74LS86 
74LS153 
74166 
74LS10 
SPARE 
74S161 
74LS157 
4116 (200ns) 
4116 (200ns) 
4116 (200ns) 
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PART NUMBER 

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 



------------------------------------------------------------SYMBOL DESCRIPTION PART NUMBER 

------------------------------------------------------------U92 4116 (200ns) 10039 
U93 4116 (200ns) 10039 
U94 4116 (200ns) 10039 
U95 4116 ( 200 ns) 10039 
U96 4116 (200ns) 10039 
U97 74LS157 10023 
U98 74LS374 10033 
U99 74LS373 10032 
U100 2716 CHAR GEN 10065 
U101 74166 10026 
U102 74LS20 10010 
U103 74S175 10029 
U104 74S74 10014 
U105 74LS157 10023 
U106 4116 (200ns) 10039 
U107 4116 (200ns) 10039 
U108 4116 (200ns) 10039 
U109 4116 (200ns) 10039 
U110 4116 (200ns) 10039 
u 111 4116 (200ns) 10039 
U112 74LS157 10023 
U113 SPARE 
U114 2114 (450ns) 10063 
U115 2114 (450ns) 10063 
U116 74LS174 10027 
U117 74LS174 10027 
U118 74LS04 10004 
U119 74S04 10003 
U120 74LS123 10018 
U121 74S74 10014 
U122 74S157 10044 
U123 not used 
U124 74S74 10014 
U125 74LS373 10032 
U126 74LS174 10027 
U127 74166 10026 
U128 74LS174 10027 
U129 74LS257 10045 
U130 NTSC COLOR ROM 10046 
U131 not used 
U132 not used 
U133 74123 10017 
U134 not used 
U135 not used 
U136 not used 
U137 74LS04 10004 
U138 74S174 10043 
U139 74S157 10044 
U140 74LS157 10023 
U141 74LS374 10033 
U142 74LS157 10023 
U143 74LS374 10033 
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------------------------------------------------------------SYMBOL DESCRIPTION . PART NUMBER 

-----------------~------~-------------------------------~---U144 
U145 
U146 
U147 
U148 
U149 
U150 
U151 
U152 
U152 
U153 
U154 
U155 
U156 
U157 
U158 
U159 
U160 
U161 
U162 
U163 
U164 
U165 
U166 
U167 
U168 
U169 
U170 
U171 
U172 

74LS157 
74LS157 
MC1372 
not used 
not used 
not used 
not used 
74LS32 
74LS32 
74LS32 
74LS74 
74LS20 
74S74 
74LS393 
SPARE 
RGB ROM (optional) 
74LS10 
74LS161 
745161 
7405 
not used 
not used 
not used 
not used 
74LS161 
74LS08 
74LS11 
74LS02 
74LS32 
SPARE 

10023 
10023 
10037 

10012 
10012 
10012 
10013 
10010 
10014 
10035 

10049 
10008 
10024 
10025 
10005 

10024 
10007 
10009 
10001 
10012 

-----------------------------------------------------------****RESISTORS (1/4 watt, 5% _unless otherwise indicated)**** 

------~--·-------------------------------------------------R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
R10 
R11 
R12 
R13 
R14 
R15 
R16 
R17 
R18 

150 ohm 
680 
4. 7K 
680 
4.7K 
4. 7K 
220 
220 
4.7K 
1K 
1K 
10K 
1K 
4. 7K 
1K 
330 
120 
1.8K 
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20007 
20030 
20036 
20030 
20036 
20036 
20010 
20010 
20036 
20016 
20016 
20021 
20016 
20036 
20016 
20012 
20006 
20033 



------------------------------------------------------------SYMBOL DESCRIPTION PART NUMBER 

------------------------------------------------------------R19 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R29 
R30 
R31 
R32 
R33 
R34 
R35 
R36 
R37 
R38 
R39 
R40 
R41 
R42 
R43 
R44 
R45 
R46 
R47 
R48 
R49 
R50 
R51 
R52 
R53 
R54 
R55 
R56 
R57 
R58 
R59 
R60 
R61 
R62 
R63 
R64 
R65 
R66 
R67 
R68 
R69 

270 
10K 
75 
47 
100 
1K 
180 
not used 
20K 
3.6K 
1K 
4. 7K 
10 
10K 
1.2K 
7.5K 
7.5K 
1K 
220K 
20K 
20K 
1.8K 
4. 7K 
3K 
10 
20K 
4. 7K 
10K 
4. 7K 
10K 
10K 
33 
33 
4. 7K 
10K 
10K 
33 
33 
1K 
33 
33 
33 
33 
150 
470 
200K 
33 
33 
470 
4. 7K 
100 
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20027 
20021 
20004 
20003 
20005 
20016 
20009 

20022 
20019 
20016 
20036 
20025 
20021 
10017 
20020 
20020 
20016 
20024 
20022 
20022 
20033 
20036 
20035 
20025 
20022 
20036 
20021 
20036 
20021 
20021 
20026 
20026 
20036 
20021 
20021 
20026 
20026 
20016 
20026 
20026 
20026 
20026 
20007 
20014 
20023 
20026 
20026 
20014 
20036 
20005 



------------·-----------------------------------------------SYMBOL DESCRIPTION PART NUMBER 
------------------------------------------------------------R70 

R71 
R72 
R73 
R74 
R75 
R76 
R77 
R78 
R79 
R80 
R81 
R82 
R83 
R84 
R85 
R86 
R87 
R88 
R89 
R90 
R91 
R92 
R93 
R94 
R95 
R96 
R97 
R98 
R99 
R100 
R101 
R102 
R103 
R104 
R105 
R106 
R107 
R108 
R109 
R110 
R111 
R112 
R113 
R114 
R115 
R 116 
R117 
R 118 
R119 

33 
33 
33 
33 
33 
1K 
33 
33 
1K 
1K 
56K 
1K 
1K 
33 
1K 
910 
470 
270 
910 
270 
910 
390 
1.2K 
470 
1 K POT 
470 
1K 
220 
1 K POT 
1 K POT 
470 
470 
470 
470 
470 
1.5K 
5 .6K 
4. 7K 
360 
2K 
47 
470 
75 
not used 
not used 
1.5K 
3.6K 
750 
330 
not used 
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20026 
20026 
20026 
20026 
20026 
20016 
20026 
20026 
20016 
20016 
20038 
20016 
20016 
20026 
20016 
20032 
20014 
20027 
20032 
20027 
20032 
20029 
20017 
20014 
21000 
20014 
20016 
20010 
21000 
21000 
20014 
20014 
20014 
20014 
20014 
20018 
20037 
20036 
20028 
20034 
20003 
20014 
20004 

20018 
20019 
20031 
20012 



------------------------------------------------------------SYMBOL DESCRIPTION PART NUMBER 

------------------------------------------------------------R120 
R121 
R122 
R123 
R124 
R125 
R126 
R127 
R128 
R129 
R130 
R131 
R132 
R133 
R134 
R135 
R136 
R137 
R138 
R139 
R140 
R141 
R142 
R143 
R144 
R145 

not used 
not used 
not used 
1K 
220 
not used 
not used 
not used 
not used 
10K POT 
1K 
100 
1K 
430 
3 .3 ohm 1 watt 
1K 
33 
1K 
1 ohm 1 watt 
150 ohm 1 watt 
100 
1K 
1K 
4. 7K 
50K POT 
100K POT 

20016 
20010 

21001 
20016 
20005 
20016 
20013 
20002 
20016 
20026 
20016 
20001 
20008 
20005 
20016 
20016 
20036 
21003 
21004 

------------------------------------------------------------****CAPACTORS (CERAMIC 25V+• 20S UNLESS OTHERWISE NOTED**** 

------------------------------------------------------------Cl 
C2 
C3 
C4 
C5 
C6 
C7 
C8 

C9 
C10 
c 11 
C12 
C13 
C14 
C15 
C16 
C17 
C18 
C19 
C20 
C21 
C22 

47pf 
.1 ufd 
.1 ufd 
.1 ufd 
.1 ufd 
.1 ufd 
.1 ufd 
1 Oufd ELECT. 
15VDC, AXIAL MOUNT 
.01ufd 
• 01 ufd 
.1 ufd 
.1 ufd 
.1 ufd 
.1 ufd 
.1 ufd 
.1 ufd 
.1 ufd 
.1 ufd 
.1 ufd 
.1 ufd 
.001ufd POLY FILM 
.022ufd MYLAR 25V 
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30000 
30010 
30010 
30010 
30010 
30010 
30010 
32002 

30009 
30009 
30010 
30010 
30010 
30010 
30010 
30010 
30010 
30010 
30010 
30010 
30100 
30101 



----------------------------------------·-------------------SYMBOL DESCRIPTION PART NUMBER 

-----~------------------------------------------------------C23 • 047ufd MYLAR 30103 
C24 .001ufd POLY FILM 30100 
C25 .1 ufd 30010 
C26 .1 ufd 30010 
C27 .1 ufd 30010 
C28 .1 ufd 30010 
C29 .1 ufd 30010 
C30 .1 ufd 30010 
C31 .1 ufd 30010 
C32 .1 ufd 30010 
C33 .1 ufd 30010 
C34 6 .8ufd TANTALUM ELECT 15V 32001 
C35 .1 ufd 30010 
C36 .1 ufd 30010 
C37 .1 ufd 30010 
C38 .1 ufd 30010 
C39 .1 ufd 30010 
C40 .1 ufd 30010 
C41 6 .8ufd TANTALUM ELECT 15V 32001 
C42 .1 ufd 30010 
C43 .1 ufd 30010 
C44 .1 ufd 30010 
C45 .1 ufd 30010 
C46 .1 ufd 30010 
C47 6 .8ufd T.E. 15V 32001 
C48 .1 ufd 30010 
C49 .1 ufd 30010 
C50 .1 ufd 30010 
C51 .1 ufd 30010 
C52 .1 ufd 30010 
C53 .1 ufd 30010 
C54 .1 ufd 30010 
C55 .1 ufd 30010 
C56 6.8ufd T.E. 15V 32001 
C57 .1 ufd 30010 
C58 .1 ufd 30010 
C59 .1 ufd 30010 
C60 6 .8ufd T.E. 15V 32001 
C61 .1 ufd 30010 
C62 .1 ufd 30010 
C63 .1 ufd 30010 
C64 .1 ufd 30010 
C65 6 .8ufd T.E.15V 32001 
C66 .1 ufd 30010 
C67 33ufd ELECT AXIAL MOUNT 15V 32006 
C68 330pf 30007 
C69 .1 ufd 30010 
C70 6 .8ufd T.E. 15V 32001 
C71 .1 ufd 30010 
C72 .1 ufd 30010 
C72 .1 ufd 30010 
C73 .1 ufd 30010 
C74 .1 ufd 30010 
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------------------------------------------------------------SYMBOL DESCRIPTION PART NUMBER 

------------------------------------------------------------C75 
C76 
C77 
C78 
C79 
C80 
C81 
C82 
C83 
C84 
C85 
C86 
C87 
C88 
C89 
ego 
C91 
C92 
C93 
C94 
C95 
C96 
C97 
C98 
C99 
C100 
C101 
C102 
C103 
C104 
C105 
C106 
C107 
C108 
C109 
C110 
C111 
C112 
C113 
C114 
C115 
C116 
C117 
C118 
C119 
C120 
C121 
C122 
C123 
C124 
C125 
C126 

.1 ufd 
6.8ufd T.E. 15V 
.1 ufd 
.1 ufd 
.1 ufd 
.1 ufd 
.1 ufd 
.1 ufd 
150pf 
100pf MICA +-5$ 
.1 ufd 
.1 ufd 
.1 ufd 
.1 ufd 
.1 ufd 
.1 ufd 
.1 ufd 
.1 ufd 
not used 
50pf MICA +-5$ 25V 
9-35pf VARIABLE CAP 
.1 ufd 
.1 ufd 
.1ufd 
.1 ufd 
.1 ufd 
.1 ufd 
not used 
not used 
.1 ufd 
not used 
not used 
not used 
.1 ufd 
.1 ufd 
.1 ufd 
.1 ufd 
not used 
220pf 
.1 ufd 
not used 
.1 ufd 
not used 
6.8ufd T.E. 15V 
4.7ufd ELECT 15V 
10ufd ELECT 15V 
2200ufd 25V ELECT AXIAL 
6.8ufd T.E. 15V 
6.8ufd T.E. 15V 
.1 ufd 
22ufd TANTALUM ELECT 20V 
.1 ufd 
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30010 
32001 
30010 
30010 
30010 
30010 
30010 
30010 
30005 
30004 
30010 
30010 
30010 
30010 
30010 
30010 
30010 
30010 

30002 
33000 
30010 
30010 
30010 
30010 
30010 
30010 

30010 

30010 
30010 
30010 
30010 

30006 
30010 

30010 

32001 
32000 
32003 
32009 
32001 
32001 
30010 
32005 
30010 



--~---------------------------------------------------------SYMBOL DESCRIPTION PART NUMBER 

---------------------------------·--------------------------C127 
C128 
C129 
C130' 
C131 
C132 
C133 
C134 
C135 
C136 
C137 
C138 
C139 
C140 
C141 
C142 

6.8ufd T.E. 15V 
6.8ufd T.E. 15V 
6.8ufd T.E. 15V 
.1 ufd 
100ufd ELECT 16V 
6.8ufd T.E. 15V 
6.8ufd T.E. 15V 
6.8ufd T.E. 15V 
.1 ufd 
22ufd ELECT 15V 
100ufd ELECT 25V 
150pf 
470pf 
9-35pf VAR CAP 
15000ufd ELECT 15V 
not used 

32001 
32001 
32001 
30010 
32007 
32001 
32001 
32001 
30010 
32004 
32008 
30008 
30008 
33000 
32030 

------------------------------------------------------------•****MISCELLANEOUS SEMICONDUCTORS***** 

-----------------------------------------~-------------·----Q1 2N3904 11000 
Q2 2N3906 11001 
Q3 7805 5V REGUL 11005 
Q4 7812 12V REGUL 11006 
Q5 not used 
Q6 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 
CR4 1N914 11102 
CR5 1N914 11102 
CR6 1N914 11102 
CR7 1N914 11102 
CR8 1N914 11102 
CR9 1N914 11102 
CR10 1N914 11102 
CR11 14V ZENER 1N5244 11106 
CR12 1N4001 11101 
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------------------------------------------------------------SYMBOL DESCRIPTION PART NUMBER 

------------------------------------------------------------CR13 
CR14 
CR15 
CR16 
CR17 
CR18 
CR19 
CR20 
CR21 
CR22 
CR23 
CR24 

1N4001 
5.1V ZENER 1N5231 
BRIDGE 50V 2A 
1N4001 
BRIDGE 50V 4A 
not used 
1N4001 
1N4001 
1N4001 
1N4001 
1N4001 
6.2V ZENER 1N5234 

11101 
11103 
11108 
11101 
11107 

11101 
11101 
11101 
11101 
11101 
11104 

------------------------------------------------------------*****IC SOCKETS***** 

14 PIN LOW PROFILE 40001 
16 PIN LOW PROFILE 40002 
18 PIN LOW PROFILE 40003 
20 PIN LOW PROFILE 40004 
24 PIN LOW PROFILE 40005 
40 PIN LOW PROFILE 40006 
40 PIN MACHINE 40500 

----------------------------------------------------------*****MISCELLANEOUS***** 

----------------------------------------------------------L2 
CASSETTE JACK 
J6 
J2 
J5 
HI-RES 

B/W VIDEO 
J4 
SW1 
Kl 
Fl 
F2 

Yl 
Y2 

.56 uH INDUCTOR 
5 COND DIN RT ANGLE PC 
2 COND MOLEX HDR 
6 COND MOLEX HOR 
6 COND HDR .156 RIA AMP 
2 COND MOLEX HOR 

2X20 MALE HOR .1 AP 
SWITCH SPST 5A 220V CHA 
5VDC RELAY 
4A FAST BLO 32V 
2A FAST BLO 32V 
HEATSINK T0220 5306B-13 
HEATSINK T0220 5307B-14 
16 .O MHz CRYSTAL 
3.579 MHz CRYSTAL 
10.738 MHz CRYSTAL 
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37000 
42000 
43000 
43001 
43003 
43000 

43700 
45010 
45500 
47001 
47002 
69000 
69001 
35001 
35002 
35003 



PARTS LIST 

LNW EXPANSION INTERFACE 

-------------------------------------------------------------SYMBOL DESCRIPTION PART NUMBER 

-------------------------------------------------------------PRINTED CIRCUIT BOARD 97012 

-------------------------------------------------------------****RESISTORS (1/4 watt, 5% unless otherwise indicated)**** 

-------------------------------------------------------------R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
R10 
R11 
R12 
R13 
R14 
R15 
R16 
R17 
R18 
R19 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R29 
R30 
R31 
R32 
R33 
R34 
R35 
R36 
R37 
R38 
R39 
R40 
R41 

not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
10K 
10K 
1K 
200K 
150 
150 
150 
150 
4. 7K 
4.7K 
20K 
not used 
not used 
not used 
not used 
150 
680 
680 
1K 
1K 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
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20021 
20021 
20016 
20023 
20007 
20007 
20007 
20007 
20036 
20036 
20022 

20007 
20030 
20030 
20016 
20016 



SYMBOL DESCRIPTION PART NUMBER 

R42 
R43 
R44 
R45 
R46 
R47 
R48 
R49 
R50 
R51 
R52 
R53 
R54 
R55 
R56 
R57 
R58 
R59 
R60 
R61 
R62 
R63 
R64 
R65 
R66 
R67 
R68 
R69 

not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
100 
100 
100 
100 
100 
100 
100 
100 
33 
not used 
not used 
not used 

20005 
20005 
20005 
20005 
20005 
20005 
20005 
20005 
20026 

-------------------------------------------------------------******CAPACITORS (all caps are 25VDC +-20S unless 
otherwise indicated)****** 

-----------------------------------------~-------------------C1 not used 
C2 not used 
C3 not used 
C4 not used 
C5 not used 
C6 not used 
C7 not used 
CB not used 
C9 not used 
C10 not used 
C11 not used 
C12 33 ufd ELECT AXIAL 6voc· 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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------------------------------------------------------------SYMBOL DESCRIPTION PART NUMBER 

------------------------------------------------------------C22 • 1 ufd CERAMIC 30010 
C23 • 1 ufd CERAMIC 30010 
C24 • 1 ufd CERAMIC 30010 
C25 • 1 ufd CERAMIC 30010 
C26 • 1 ufd CERAMIC 30010 
C27 • 1 ufd CERAMIC 30010 
C28 • 1 ufd CERAMIC 30010 
C29 • 1 ufd CERAMIC 30010 
C30 • 1 ufd CERAMIC 30010 
C31 • 1 ufd CERAMIC 30010 
C32 • 1 ufd CERAMIC 30010 
C33 • 1 ufd CERAMIC 30010 
C34 6.8 ufd TANTALUM 32001 
C35 6.8 ufd TANTALUM 32001 
C36 .1 ufd CERAMIC 30010 
C37 6.8 ufd TANTALUM 32001 
C38 .1 ufd CERAMIC 30010 
C39 6.8 ufd TANTALUM 32001 
C40 • 1 ufd CERAMIC 30010 
C41 6.8 ufd TANTALUM 32001 
C42 • 1 ufd CERAMIC 30010 
C43 • 1 ufd CERAMIC 30010 
C44 • 1 ufd CERAMIC 30010 
C45 • 1 ufd CERAMIC 30010 
C46 • 1 ufd CERAMIC 30010 
C47 • 1 ufd CERAMIC 30010 
C48 • 1 ufd CERAMIC 30010 
C49 • 1 ufd CERAMIC 30010 
C50 • 1 ufd CERAMIC 30010 
C51 • 1 ufd CERAMIC 30010 
C52 .1 ufd CERAMIC 30010 
C53 6.8 ufd TANTALUM 32001 
C54 • 1 ufd CERAMIC 30010 
C55 6.8 ufd TANTALUM 32001 
C56 • 1 ufd CERAMIC 30010 
C57 6 .8 ufd TANTALUM , 32001 
C58 .1 ufd CERAMIC 30010 
C59 6.8 ufd TANTALUM 32001 
C60 not used 
C61 .1 ufd CERAMIC 30010 
C62 • 1 ufd CERAMIC 30010 
C63 .1 ufd CERAMIC 30010 
C64 not used 
C65 6.8 ufd TANTALUM 32001 
C66 not used 
C67 not used 
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------------------------------------------------------------SYMBOL DESCRIPTION PART NUMBER 

------------------------------------------------------------*****INTEGRATED CIRCUITS***** 

------------------------------------------------------------U1 7438 10064 
U2 7438 10064 
U3 74LS367 10054 
U4 74LS175 10028 
U5 74LS175 10028 
U6 7438 10064 
U7 74LS123 10018 
us 74LS240 10030 
U9 7492 10051 
U10 7493 10052 
U11 74LS08 10007 
U12 7490 10050 
U13 74LS175 10028 
U14 FD1771B-01 10059 
U15 74LS240 10030 
U16 74LS155 10053 
U17 7493 10052 
U18 74S04 10003 
U19 74LS155 10053 
U20 74LS14 10047 
U21 14LS74 10013 
U22 74LS74 10013 
U23 74LS08 10007 
U24 74163 10066 
U25 74163 10066 
U26 74LS175 10028 
U27 not used 
U28 74LS367 10054 ' 
U29 74S32 10048 
U30 74LS139 1i0021 
U31 74LS30 10011 
U32 74LS14 10047 
U33 74LS367 10054 
U34 74LS244 10061 
U35 74LS244 10061 
U36 74LS244 10061 
U37 74LS241 10031 
U38 74LS241 10031 
U39 74LS244 10061 
U40 TR1602-B 10062 
U41 74LS30 10011 
U42 4116 200ns 10039 
U43 4116 200ns 10039 
U44 4116 200ns 10039 
U45 4116 200ns 10039 
U46 4116 200ns 10039 
U47 4116 200ns 10039 
U48 4116 200ns 10039 
U49 4116 200ns 10039 
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SYMBOL 

U50 
U51 
U52 
U53 
U54 
U55 
U56 
U57 
U58 
U59 
U60 
U61 
U62 
U63 
U64 
U65 
U66 

DESCRIPTION 

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 

PART NUMBER 

10056 
10056 
10039 
10039 
10039 
10039 
10039 
10039 
10039 
10039 
10055 

------------------------------------------------------------
Y1 
U40 
U14 

*****MISCELLANEOUS***** 

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 RS232 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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35000 
40006 
40500 
45100 
45101 
85100 
97042 
42500 
43255 
86500 
43501 
43250 
85002 



PARTS LIST 

LNDOUBLER 5/B 

-------------------------------------------------------------SYMBOL DESCRIPTION PART NUMBER 

PRINTED CIRCUIT BOARD 97067 

****RESISTORS (1/4 Watt, 5%)**** 

R1 2K 20034 
R2 4. 7K 20036 
R3 not used 
R4 4. 7K 20036 
R5 1.0K 20016 
R6 10K 20021 
R7 4. 7K 20036 
RB not used 
R9 680 20030 
R10 150 20007 
R11 1.0K 20016 
R12 1.0K 20016 
R13 47K 20040 
R14 4. 7K 20036 
R15 4. 7K 20036 
R16 4. 7K 20036 
R17 not used 
R18 47K 20040 
R19 47 20003 
R20 10K 20021 
R21 4.7K 20036 
R22 not used 
R23 10K 20021 
R24 10K MINI PC MINI POT 21001 
R25 50K MULTITURN POT 21006 
R26 100K MINI PC POT 21005 

-------------------------------------------------------------******CAPACITORS****** 

C1 • 1 ufd ceramic 30010 
C2 • 1 ufd ceramic 30010 
C3 6.Bufd TANT ELECT 15V 32001 
C4 • 1 ufd ceramic 30010 
C5 • 1 ufd ceramic 30010 
C6 not used 
C7 47 pf MICA +- 5% 30001 
C8 6.8 TANT ELECT 15V 32001 
C9 47 pf ceramic 30000 
C10 47 pf MICA +- 5% 30001 
C11 .1 ufd ceramic 30010 
C12 • 47 ufd MYLAR 31999 
C13 not used 
C14 • 1 ufd ceramic 30010 
C15 • 1 ufd ceramic 30010 
II RB II 47 pf ceramic 30000 
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------------------------------------------------------------*****INTEGRATED CIRCUITS***** 

-------------------------------------------------------------U1 
U2 
U3 
U4 
U5 
U6 
U7 
us 
U9 
U10 
U11 
U12 
U13 
U14 
U15 
U16 
U17 
U18 

74LS27 
74LS08 
WD2143 
74LS123 
74LS05 
74LS05 
74LSOO 
WD1691 
MB8876 (FUJ-1791 COM) 
40 PIN SOCKET 
74LS157 
74LS04 
74LS158 
74LS74 
74LS629 
74LS74 
74LS74 
74LS08 

10057 
10007 
10068 
10018 
10006 
10006 
10000 
10067 
10060 
40006 
10023 
10004 

. 10034 
10013 
10069 
10013 
10013 
10007 

----------------------------------------------------------*11*1 MISCELLANEOUS 1 *111 

--------------------------------~----------------------------Y1 

SW1 

4.0 MHZ CRYSTAL 
20 PIN SOCKET STRIP(2) 
SPOT SW RIA PC MNT 

84 

35000 
41000 
45000 



PARTS LIST 

CASE ASSEMBLY 

-------------------------------------------------------------SYMBOL DESCRIPTION PART NUMBER 

-------------------------------------------------------------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" 
4-40 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 
116-32 NUT 
#6-32 X 1/4 SHT MTL SCREW 
#6 INTERNAL TOOTH WASH 
116 FLAT WASHER 
6-32 X 3/8 MASH SCREW 
6-32 X 3/8 NYLON SCREW 
6-32 NYL NUT 
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45002 
12000 
55000 
85000 
85001 
60002 
12050 
65013 
65012 
80000 
60000 
60005 
42300 
44000 
45010 
47006 
48700 
82000 
78000 
43900 
65010 
43501 
43500 
43250 
86550 
86500 
86510 
48710 
49000 
49001 
71000 
73000 
70000 
70001 
72202 
72000 
72200 
72100 
71001 

70004 
73001 
73005 
70003 
70005 
71002 



APPENDIX 1 DATA SHF;ETS 

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. 

DATA SHEET INDEX 
PAGE 

1. MCM2114 - 2K STATIC RANDOM ACCESS MEMORY ••••••••••••• 87 

2. TR1602 - ASYNCHRONOUS RECEIVER/TRANSMITTER •••••••••• 90 

3. FD1771 - FLOPPY DISK CONTROLLER.••••••••••••••••~••103 

4. FD179X-02 - FAMILY FLOPPY DISK CONTROLLER ••••••••••••• 109 

5. WD1691 

6. FD179X 

7. WD2143-01 

8. 74LS629 

9 • MCM4116 

10. MPU131 

11 • MC1488 

12. MC1489 

13. J175 

14. MC1372 

15. MCM2716 

16. Z80A 

17 • TL080 

18. SERIES 14 

- FLOPPY SUPPORT LOGIC.•••••••••••••••••••••124 

- APPLICATION NOTES.••••••••••••••••••••••••127 

- FOUR PHASE CLOCK GENERATOR ••• ~ •••••••••••• 133 

- VOLTAGE CONTROLLED OSCILLATOR ••••••••••••• 134 

- 16K DYNAMIC RANDOM ACCESS MEMORY •••••••••• 137 

- PROGRAMABLE UNIJUNCTION TRANSISTER •••••••• 144 

- QUAD MOTL LINE DRIVER•••••••••••••••••••••146 

- QUAD MOTL LINE RECEIVER.••••••••••••••••••148 

- P-CHANNEL JFET TRANSISTER ••••••••••••••••• 150 

- COLOR TV MODULATOR CIRCUIT •••••••••••••••• 151 

- 2K ERASABLE PROM••••••••••••••••••••••••••159 

- CENTRAL PROCESSING UNIT•••••••••••••••••••163 

- JFET-INPUT OPERATIONAL AMPLIFIERS ••••••••• 172 

AND 18 PROGRAMMABLE READ-ONLY MEMORIES •••• :.178 
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®MOTOROLA 

4096-BIT STATIC RANDOM ACCESS MEMORY 

The MCM2114 is a 4096·b1t random access memory fabricated 
with high density, high rehab1l1tl( N-channel silican·gate technology. 

For ease of use, the device operates. from a single power supply, is 
directly compatible with TTL and DTL, and requires no clocks or 
refreshing because of fully static operation. Data access is particu­
larly simple, since address setup times are not required. The data out 
has the same polarity as the input data. 

The MCM2114 is designed for memory applications where 
simple interfacing is the design objective. The MCM2114 is assembled 
in 18·pin dual in·line packages with the industry standard pin-out. 

A separate chip select {S) lead allows 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 vernons {i.e .. MCM21 L14 series) are available 
with a maximum power dissipation of less than 370 mW. 

• 1024 Words by 4-Bit Organization 

• Industry Standard 18·Pin Cor.:iguration 

• Single +5 Volt Supply 

• No Clock or Timing Strobe Required 

• Fully Static: Cycle Time= Access Time 

• Fully TTL/DTL Com;iatible 

• Common Data Input and Output 

• Throe·State Outputs for OR· Ties 

• Low Power Versio.-. Available - 370 mW (Max) 

MAXIMUM ACCESS TIME/MINIMUM CYCLE TIME 

MCM2114-20 200 ns 
MCM21L14-20 

MCM2114·25 
MCM21L14·25 

250 ns 

MCM2114·30 
MCM21L14·30 

MCM211445 
MCM21L1445 

Memory Arr•v 

64 Row 
64 Columns 

5 6 1 15 

AO A1 A2 A9 

300"' 

450 ns 

Vee .. Pin 1e 
Vss •Pin 9 

BLOCK DIAGRAM 

8 .,, 

MCM2114 
MCM21L14 

MOS 
(N·CHANNEL. SILICON·GATEI 

4096-BIT STATIC 
RANDOM ACCESS 

MEMORY 

~ •W"" ~~~ ~ ijP~AST•CPACKAGE 

A6 

A5 

A4 

A3 

AO 

A1 

A2 

s 
Vss 

CASE 707 

FAIT SEAL 
CE Fl: AM IC PACKAGE 

CASE 701 

PIN ASSIGNMENT 

• 
~fl;: Vee 

A7 

AB 

: ~ (: A9 

'LJ" l/Ol 

6 13 1/02 

1 ~ 12 I/OJ 

8 11 1/04 

9 10 w 

PIN NAMES 

~-6i_ w Addr!!J..l_!".lp_ut 

W~!lllio. 
s Ct"IJ£...Slffect 

1101-1/04 O•t• Input/Output 

"'-= Power i• 5 V) 

~ Ground 



MCM2114, MCM21L14 

ABSOLUTE MAXIMUM RATINGS (See Note 1) 

Rating V91u• 

Temperature Under Baas. -10 to +80 

Voltage on Anv Pin Wrth Respect to Vss -0.5 to +7.0 

DC Output Current 5.0 

Power Dissipation 1.0 

Un rt 

oc 

Vdc 

mA 

Watt 

This. device contains circuitry to protect the 

inputs against damage due to h19h 1t111c voltage,, 
or electric fields; however, 1t is advised that 

normal precautions be taken to aYOtd applica· 
tion of any voltage higher than maximum rated 
¥t>ltages to this high-impedance cucu1t. 

Operating Temperature Range 0 to +70 oc 

Storage Temperature Range -65 to +150 OC 

Note: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM 

RATINGS are exceeded. Functional operation should be restricted 
to RECOMMENOEO OPERATING CONDITIONS. Exposure to 
higher than recommended voltages for extended periods of time could 
affect device reliabilitv. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(TA'"" Oto 70°C, Vee..- 5.0 v ± 5% unless otherwise noted.) 

RECOMMENDED DC OPERATING CONDITIONS 

MCM2114 

Pnameter Symbol Min Nom Max 

Input load Current 'u - - 10 
(All Input Pins, Vin• 0 to 5.5 V) 

1/0 Leakage Current 
(S• 2.4 v, v.!/Q •0.4 v to ~I 

llLOi - - 10 

Power Supply Current 1cc1 - 80 95 
(V 1n • 5.5, '110 • o mA, TA• 25°Ci 

Power Supply Current 1cc2 - - 100 
(Vin• 5.5 V, lr/O • 0 mA, TA• 0°Cl 

Input Low Voltage VrL -0.5 - 0.8 

Input High Voltage VrH 2.0 - 6.0 

Output Low Current IOL 2.1 6.0 -
Vol •0.4V 

Output High Current IOH - -1.4 -1.0 
VDH • 2.4V 

Output Short Circuit Current 1osl21 - - 40 

Note: 2. Duration not to exceed 30 seconds. 

CAPACITANCE 
(f • 1.0 MHz, TA • 25°c. periodically sampled rather than 100% testecU 

Characteristic Symbol Mb Unit 

Input Capacitance (Vin • 0 V) Cin 5.0 pF 

Input/Output C.pecitance (Vito• 0 V) C110 5.0 pF 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating llOltage and temperature unl"s otherwiM noted.) 

Input Pulse Levels .......................•. 0.8 Volt to 2.4 Volt• 

Input RiM and Fall Times ............................. 10 ns 

Input •nd Output Timing L.v.ls . . . . . . . . . . . . . . . . . . . . . . 1.5 Volts 

Output Load ...........••........•. 1 'TTL Got• •ncl CL• 100 pF 
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MCM21L14 

Min Nom Mox Unit 

- - 10 µA 

- - 10 µA 

- - 65 mA 

- - 70 mA 

-0.5 - 0.8 v 
2.0 - 6.0 v 
2.1 6.0 - mA 

- -1.4 -1.0 mA 

- - 40 mA 



MCM2114, MCM21L14 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
Read (Note 3). Write (Note 4) Cycles 

RECOMMENDED AC OPERATING CONDITIONS iT A" o to 7o0 c. Vee" 5.0 v ~ 5q,1 

MCM2114 20 MCM2114·25 MCM2114·30 
MCM21L 14-20 MCM21 L14-25 MCM21L14·30 

Parameter Svmbol Min Max Mon MD Min Mu 

Read Cycle Time 'RC 200 - 250 - 300 -
Access Time 'A - 200 - 250 - 300 

Chtp Se1e-c11on to Out nu~ Valid 150 - 70 -- 85 - 100 

Ch!p Sel~t10t'! to Output Acr1ve •sx 20 - 20 - 20 -
Outpu~ 3 State From Oeseiec11ori 'OTD - 60 - 70 - 80 

Out Pu~ Hold From Addres.s Changt' 'OHA 50 - 50 - 50 -
Write Cycle 11me •we 200 - 250 - 300 -
W•1te Time tw 120 - 135 - 150 -
Write Re1ease Time twR 0 - 0 - 0 -
Outpu: 3·State From Wr11e 10TW - 60 - 70 - 80 

Data to Wr1tt' Time Ov~rlap tow 120 - 135 - 150 -

Data HOid From V1irite Time 'DH 0 - 0 - 0 --
Notes· A Read occurs du• 1n~ the overiap of a IO\I\ Sand a hrq~ W 

4. A W11te occurs during the over:ap of a 10..,., Sand a lnw W 

MCM2114-45 
MCM21L14-45 

Mon Max 

450 -

- 450 

- 120 

20 -
- 100 

50 -

450 -

200 -
0 -

- 100 

I 200 -

0 -

READ CYCLE TIMING !Note 51 WRITE CYCLE TIMING !Note 6) 

Addres~ 

1----1RC --­

'A 

-J~-------------+--'1''---~ 

Notes: 5. Wis high for a Fl.ead cycle 

1--------twc ------" 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

6 If the Slow transition occurs simultaneously wah !he W low 

trans1tion.1he output buffers remain 1n a high ~mpedance 1ate 

WAVEFORMS 

Wav•tortn ~n~t Output 

Symbol 

MUSl BE WILt BE 
VA11Q 'JAl.10 

~ 
CHANGE WILL Cl-IANGE 

FAOM M TO L FAOM ~TO L 

_mzz;- CH4NGl WILL CHANGE 
FROM L TOH F~Ofoll..l0H 

71'1l1Z. 
DON'T CAAE CM ANG ING 
Afl,IV CMA,,.GE STATE 
PE~M1TTEO VNKNOWf>I 

=>-- HIGH 

IMPEDANCE 
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WESTERN_¢ DIGITAL 

c 0 R P 0 R A r I 0 N 

• SILICON GATE TECHNOLOGY - LOW THRESHOLD 
CIRCUITRY 

Oirec:tfy TTL md OTL Compatible - External. Resiston 
ElimineiM 

• 0. C. STABLE (STATIC! CIRCUITRY 

• FULi. DUPLEX OR HALF DUPLEX OPERATION 
Transmiu And Receives Serial Oita Simultaneously Or 

Altemat91y 

• AUTOMATIC INTERNAL SYNCHRONIZATION OF DATA 
ANO CLOCK 

• AUTOMATIC ST ART BIT GENERATION 

• BUFFERED RECEIVER AND TRANSIMITTER REGISTERS 

• FULi. Y PROGRAMMABLE -
EXTERNAL!. Y SELECT ABLE 
Word Length 
Baud Rate 
Even/Odd Parity (ReceiverNerification -

Transminer /Genentionl 
Party Inhibit - Verification/Generation 
One. One and One-Haff, ot Two St09 Bit Genermtion 

• AUTOMATIC DATA RECEIVED/TRANSMITTED STATUS 
GENERATION 
Transmission Complete 
Buffer Reqister Transfar Complete 
Received Oau Available 

• THREE-STATE OUTPU1'S 
Receiver ~Ggiste; Ouq,uts 
Siatus FlllCJI 

Parity Error 
Fniming Error 
Overrun Error 

• AVAILABLE IN CERAMIC OR HERMETIC PLASTIC 

MOS/LSI 

TR1602A & TR1602B 
ASYNCHRONOUS RECEIVER/TRANSMITTER 

.. - .. .. ... 
u .. .. .. .. • ' • ... ., .. .. 0 .. 

~ 
c 

! .. ... .. • ~ 
c ! c ! : : : c c : ! : .. I: I: .. u - -

0 • • ~ :c .. ~ ::i .. ; 0 i: . ~ ~ :e ~ R ::: • ... ... .. ... ... ... .. .. 

• D 
- .. ... .. ~ • .. ! :: ~ ~ = :: :!! : ~ ~ 

0 ' • .. ., "" .. c = 0 Cl • .: .. .. .. Cl u c 
0 0 c c c c c c c c .. ... 0 ... c c Cl > > > c c c c c c c c c .. c Cl 

TR1602A CERAMIC PACKAGE OUTLINE 

c 
2 

;; 

2 

ii 

CAVITY PACKAGES TR1602S HERMETIC PLASTIC CAVITY PACKAGE OUTLINE 

APPLICATIONS 

• PERIPHERALS 

• TERMINALS 

• MINI COMPUTERS 

• FACSIMILE 
TRANSMISSION 

• MODEMS 

• CONCENTRATORS 

• ASYNCHRONOUSOATA 
MULTIPLEXERS 

GENERAL DESCRIPTION 

• CARD AND TAPE READERS 

• PRINTERS 

• DATA SETS 

• CONTROLLERS 

• KEYBOARD ENCODERS 

• REMOTE DATA ACOUISI· 
TION SYSTEMS 

• ASYNCHRONOUSDATA 
CASSETTES 

The TR1602A & the TR1602B are ASYNCHRONOUS RECEIVERffRANSMliTER sub-systems using silicon gate 
process technology. The use of this low threshold process provides direct compatibility with all forms of current sinking 
logic •. Interfacing restraints, such as external resistors, drivers and level shifting circuitry, are eliminated. All output lines 
have been designed to drive iTL directly. 

The ASYNCHRONOUS RECEIVERffRANSMliTER is a general purpose, programmable MOS/LSI device for inter· 
facing an asynchronous serial data channel of a peripheral or terminal with parallel data of a computer or terminal. 
The transmitter section converts parallel data into a serial word which contains the data along with start, parity. and stop 
bits. The receiver section converts a serial word with start, data, parity, and stop bits, into parallel data, and it verifies 
proper code transmission by checking parity and receipt of a valid stop bit. Both the receiver and tha transmitter are 
double buffered. The array is compatible with bipolar logic. The array may be programmed as follows: The word length 
can be either 5, 6, 7, or 8 bits; parity generation and checking may be inhibited, the parity may be even or odd; and the 
number of stop bits may be either one or two, with one and one half when transmitting a 5 bit code. Note: See TR1402A 
Data Sheet for operation with 5 level code-2 stop bits. 

ADVANCE ENGINEERING INFORMATION 
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" .. 
.,. .. 
-ca 

.... .. 
"ut 
C7I 

Clll 
04I 

" ll't ... ., ....,, 

INPUT STRUCTURE 

.. 
'"' 

MOS DEVICE .. A" ACTS AS AN 
INTE-RNAL PULL-UP RESISTOR 
TO Vss •Vee WHICH BIASES 
OFF THE CASCOOE DEVICE OF 
THE TTL OUTPUT IN THE 
HtGH·LEVEL OUTPU1" STATE. 
IN THE LOW-LEVEL OUTPUT 
STATE THE TTL OUTPUT OE· 
VICE SINKS THE CURRENT 
SUPPLIED BY DEVICE .. A ... 

.. 
{1Jl •• 1141 

JtOTt: :::!Ir TlH.sTATI GUTNT 

•111 tsulSl'llam. •cc ___ ...1... ___ _ 

Ta1tGAOUTPVT 

9 1 

LO... 

---·--· 

""'-'• n< 
"'''" 

... 

QAfA 
flltCllVH 

OITICT 

,.... , .. 
""" <DI 

"'"' !DI 

TOI 

"" 

MIG 
<Zll 

••• 
(111 

OUTPUT STRUCTURE 
DEVICES .. 8 .. & .. C .. COMPRISE 

A PUSH-PULL OUTPUT BUFFER. 
IN THE LOW-LEVEL STATE, 

' OUTPUT TRANSISTOR .. C .. IS 
''ON'" ANO CASCOOE DEVICE 
'13 .. IS OFF. IN THE HIGH· 
LEVEL SiATE, THE OPPOSITE 
I~ TRUE. IN THE DISCON 
NECTED ST A TE, BOTH '"8" 
ANO "C'" ARE TURNED OFF 
CAUSING THE OUTPUT NOOE 
TO FLOAT. 



PtN 
NUMBER 

1 

2 

3 

4 

5-12 

13 

14 

T5 

16 

17 

18 

19 

20 

21 

22 

NAME 

Vss ,_ S..tlPlv 

V GG ,_ Su11ply 

Vco'-S..tlPlv 

Rmc:lliver R.,._ 
Disonnmc:t 

Receiver HoldinQ 
Register Data 

Pllrity Error 

Fniming Error 

Ovenun Error 

Status Ft egs 
Oisconnact 

Receiver Register 
Oock 

D;iu Rec:aived 
R .. t 

Data Received 

Receiver Input 

Master R-t 

Transmitter 
Holding Register 
Empty 

SYMBOL 

Vss 

VGG 

Voo 

RAD 

RA9-
RA 1 

Pe 

Fe 

oe 

SFD 

( 

RRC 

ORA 

DR 

RI 

MA 

T1'1RE 

PIN DEFINITIONS 

FUNCTION 

+5 volts SUDPIY 

Gtouna 

A llith 1- inout vo1t1199, VIH• aoolied to mis line dioconnects me RECEIVER 

HOl..OING REGISTER oucouts from ttte AF1s·FIFl 1 data OUtOUts (pine 5·121. 

Th• owall• contents ol en• RECEIVER MOl..OING REGISTER -•ar on m­
llnes if• 1owo1we1 inout voltava, v 1 ._.is agplied ro RAO. Foi charact.,. form.cs al 

,_., man ai;ltt bits received c"aractws ate rigln-1.ust1fiao with RA 1 (pin 121 aa 

ma lean significant bit and th• truncated bits ar• forced tO a IOW level OUtOUt 

voltave, v OI... 

A hi9" 19V9' outQut voft99•. VOH• on this line ir\dicat• th•t d"I• ,.ecafveQ P•inr 

don not compare ro tl'lat i:irogrammed by th• EVEN PARITY ENABl..E con'rrol 

lin• (pin JIU. This ouaiut is uPdated aac:l'I time a character is transferred to tit• 

FIECEIVEFI 1-101..CING REGISTER. PE lines from a numo.,. of arrays can be 

bussed tog•mer sine• an out1>ut disconnect caoaoilitV is provided bY Status Flee 

Olsconnact lin• (pin 16l. 

A high·l•vel outPut voltage, V OM• on this lina i,.dicatn mat ma received charac­
"- no valid stap bit, "tt .• th• bit following'"• paritV bit (if prograrnrnaol is not a 

hi;h level von:-va. This ouaiut is updated aacn time a character is transferred ro 
ma Flacttivw Holding Register. FE lines from a number of atniys can b• bu,._ 

tog•ther sine• an outDut dioconnact caoeaility is i:irovided by th• Status Flag 

Disconnect lin• (pin 161. 

A high-level output voltqe, V OM• on t"is lln• indic•t• '"at m• Oata REc•iwad 
Flag (pin 191 w• not reMT befor• me next character wH transferncl ro ttl• 

FIEcaivar Molding Flegistar. OE lines from a number of arrays can be bulMCll 

rogathar sinca an ourout disconnect cac>aoilitV is i:irovidad !>y th• Sca"'s Flag 
Oiconnact !Ina (pin 161. 

A higholevel inout voltage, V IH• aoi>liad to mis pin disconnects me PE. FE, OE, 

OR and THFIE allowing mam to b• buu connected. 

Th• racaiv• clock frequency is sixtaan ( 161 times ma desiract recalv.,. lili" rate. 

A low·levaf ingu.t voltage, VII..• ac>ofiad to mis line resau the OR line. 

A hi;holav• ourout voltage, VOH• indicatft that an enrira character has been 
received and tr•nsferrllCI to ma RECEIVER HOl..OING FIEGISTEfll. 

Serial inputd•ta•acaived on mis line •ntars rha RECEIVER REGISTER at a point 

datarminact bY tile chatact.,. length, paritV, •net th• numb•• of stop bits. A hig"" 

level inout voltage, V IH• must ba present when data is not being received. 

This line is strobed to a higil·leval in1>ut volt99e, VIM• to cle•r ttla lo9ic. Ir •-ts 
th• Transmirtar and Receiver R99isters, ttta Rec:aivar Holding fllagistar, FE, OE, l"E. 

OFIFI and sats TFIO, THfllE, and TFIE to a hi9"·1eval ouq,ut voltag•, VOH· 

A higll-level OUtPUt Voltage. VoH• on this lin• indicar• th• TRANSMITTEfll 

HOl..OING FIEGISTER has transferract in contents to the TFIANSMITTER FIEG· 

ISTER and mev b• loadlld with• n- cheract.,., 
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PIN 
NUMBER 

23 

24 

25 

35 

36 

37-38 

39 

NAME 

Tnmsmitt• 
Holdint Regisi.r 
I.a.cf 

Transmitt• 
Rlll)ist• 
Empty 

Transmittw 
Regi­
Output 

Transmittw 
Register 

Oaui ln!Klts 

Control R e<a ister 

l.oad 

Pwity 
Inhibit 

St°" BitCsl 

5.iec:t 

&en Plirity 

Enable 

Transmitter 
R 99ist•r Clock 

SYMBOL 

THAL 

TRE 

TRO 

CRL 

Pl 

SSS 

w~­
wLS1 

EPE 

TRC 

PIN DEFINITIONS (CONT) 

FUNCTION 

A low-lwel input volt119e, VIL• applied to this lin• •nt~s a c:her.c:tar into the 

TRANSMITTER HOLOING REGISTER. A transition from a low-1.- input 

voltaee, VIL• to• high·level input voltav•. VIH• rransf.,.s th• c:her.c:ter into t!'I• 

TRANSMITTEA REGISTER if it is not in th• proc11a of transmittin9 a charectw. 

If a ch•ncter is bein9 trensminwl, th• transfer is delayed utml its transmiuion is 

completed. Upon c:ornpletion, then- char.ct.,. i9 autorneTicanv tranrferrlld simul· 

teneouslv wittl the inniation of tfte sarial tr•nsmiuion of 11\e n- charecter. 

A high-I ..... OUtPUt volt119e, v OH• on this lin• indicates that th• TRANSMITTER 

REGISTER h•s complHlld sarial transmission of • full c:har.c:tar includi"'ll STOP 

bit(al. It remains at this level until the sun of transmission of th• n•xt char.c:ter. 

Thecont.,,tsofthe TRANSMITTER REGISTER (START bit, OATA bits, PARITY 

bit, and STOP bitsl are sarially shifted out on this line. Wh•n no det• is bein9 tran• 

mined. tni1 line will r•m•fn •t a hi9n.1.-.. outaiut \IGttaoe. V OH· Start of tran• 
mission is defined H the transition of II\• START bit from a hi9h·level ou-.t 

volt1199, v OH• to • low·lwel ouiout volt119•. v 0L. 

Th• ch•recter to. b• ~ransminlld is loedlld into the Tl'IANSMliTE.A HOLDING 

REGISTER on these lines with th• THAL Strobe. If a ch•r.c:ter of l•a than 8 bits 

haa b..,. sel..:tlld (by wLS 1 and WLS:zl. th• charllCt.,. is right justified to th• least 

significant bit, AR1, and the •xc•a bits ar• disr119ard8d. A high-level input volt119e, 

VIH• will causa • hi9h-level output vottav•. V OH• to b• transminlld. 

A hi91'1·level inout volt119e, V IH• on thislin• loects the CONTROL REGISTER with 

th• control biu (WLS1 , wt..s2 , EPE, 1'1, SBSl. This line rn•v b• strobed or l'latd 

wirecl to a hi;h-1-el input volte;•, V tH· 

A hl9ft-1..,el input "olt1199, V IH• on this IJn• inhibits th• parity g•n•retion end 

v•lflcmon circuits and will clamp tn• PE ouiput (pin 131 to VoL· If P•ritV ia 

IMibitlld th•STOP blt(s) will immedlatlllV follow th• last data bit ·on transmi•ion. 

Thl1 lln• salecu th• number of.STOP bits to b• transmittlld •ft• ti>• PARITY bit. 

A hi91'1-levlll input voltave, V IH• on thi1 lin• selects two STOP bits, and• low_..., .. 

input volte99, V 1 L' selects • si"'!ll• STOP bit. Selection of two STOP bits when 

proerernmin9 • five (5) bit wora gc,nerates 1.5 STOP bits:. 

~ ~ Word L""9th 

VIL VIL 5biU 

VIL VIH IS bits 

VIH Vu .. 7 bits 

VIH VIH 8 bitll 

This lin•deTermines whed\w even or Odct PARITY is to be g•n•rnlld bV th• tnns· 

mi"ttw and ch..:kect bV th• r..:eiver. A l'livft·level input volt119•, V IH• selects..,.,, 

PARITY and a low-I- input vottav•. VIL• selects odd PARITY. 

The tra,..,,ittw clock fr.qu•ncv is sixtMn (1151 times the d.esirlld transrnitt•r shift 
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APPLJCATION NOTE ASYNCHRONOUS RECEIVER/TRANSMITTER 
--=:. --; o• S*CA5&5 I : ¥¥1¥ #it& Ff Pf- = = = £: .... =·· 

INTROOUCT10N 

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. SynchronQ.us 
data transmission requires that a clock signal be 
transmitted with the data in order to mark the 
location of the data bits for receiver. A specified 
clock transition (either rising or falling) marks the 
start of each data bit interval as shown in Figure 1. 
In addition, special synchronization data patterns are 
added to the start of the transmission in order for the 
receiver to locate the first bit of the message. With 
synchronous transmission, each data bit must follow 
contiguously after the sync word, since one data bit 
is assumed for every clock period. 

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

ONIE 
OATA 
llT 
INTitRVAL --

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 (spacel 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 ther.e is no upper limit to the 
length of the stop element, there is a lower limit that 
depends on the system characteristics. Typical lower 
limits are 1.0, 1.42 or 2.0 data bit intervals, although 
most modern systems use 1 .0 or 2.0. The negative 
going transition of the start element defines the loca­
tion of the data bits in one character. A clock source 
at the receiver is reset by this transition and is used 
to locate the center of each data bit. 

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

CJ..OC:K Sl'GNAL 

TY~ICAL I BIT 
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l'llltST CATA 
BIT 

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 
isochronous transmission). However, when the stop 
code is longer than one bit, as shown in Figure 3, 
the baud rate differs from the bit rate. 

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

There are several reasons for using asychronous 
transmission. The major reason is that since a clock 
signal need not be transmitted with the data, trans­
mission equipment ~equ-irements 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 
(ONC CATA SIT INTERVAL.I 

TR1602/TR1863 

Asynchronous transmission over a simple twisted 
wi.re pair can be accomplished at moderately high 
baud rates ( 1 OK baud or higher depending on the 
length of the wire, type of line drivers, etc. l while it 
is generally limited to approximately 2K baud over the 
telephone network. When operating over the tele­
phone network, a modem is required to convert the 
data pulses to tones that can be transmitted through 
the net'INork. 

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

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

This distortion is generally caused by frequency jitter 
and frequency offset in the clock source used to 
generate the actual waveform as well as transmission 
channel, noise, etc. Thus, the amount of distortion 
that can be expected on any asynchronous signal 
depends on the device used to generate the signal 
and the charac1eristics of the communication channel 
over which it was sent. Electronic signal generators 
can be held to less than 1 % distortion while elec· 
tromechanical devices (such as a teletype) typically 
generate up to 20% distortion. The transm1ss1on 
channel may typicaily add an additional 5 % to 15 % 
distortion. 

STOP ELEMIENT 
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Figure4A 
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CHARACTERINTl!RVAL 

Figure48 

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

w~sr~RN¢·~tG!TAL 
C 0 if · P 0' R A T I : 0 YV 

next start bit transition after the minimum character 
intt!rval. 

Asynchronous receivers operate by locating the 
nominal center of the data bits as measured from 
the start bit negative going transition. However, due 
to receiver inaccuracies, the exact center may not be 
properly located. In electromechanical devices such 
as teletypes, the inaccuracy may be due to 
mechanical tolerances or variations in the power line 
frequency. With electronic receivers, the inaccuracies 
are due to frequency offset, jitter and resolution of 
the clock source used to find the bit centers. (The 
bit centers are located by counting clock pulses). For 
example, even if the receiver clock had no jitter or 
offset, and it was 16 times the baud rate, then the 
center of the bit could only be located within 1 I 16 of 
a bit interval (or 6.25%) due to clock resolution. 
However, by properly phasing the clock, this 
tolerance can be adjusted so that the sample will 
always be within ± 3.125% of the bit center. Thus, 
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signals with up to 46.875% distortion could be 
received. This number (the allowable receiver input 
distortionl is often referred to as the receiver distor­
tion margin. Electromechanical receivers have distor­
tion margins of 25 to 30%. The receiver must also be 
prepared to accept a new character after the mini­
mum character interval. Most receivers are specified 
to operate with a minimum character interval distor­
tion of 50%. 

TR1602 Operation*'*' 
The WOC TR1602 is designed to transmit and receive 
asynchronous data as shown in Figure 5. Both the 
transmitter and the receiver are in one MOS CHIP, 
packaged. in a 40 lead ceramic DIP. The array is 
capable of full duplex (simultaneous transmission and 
receptionl or half duplex operation; 

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

"1-1/2 with 5 bit code 
••All references to the TR 1602 operation also apply 

to the TR 1863 operation. 

TRANS­
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I 

TRANSMITTER l 

I 

TR1602/TR1863 

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

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

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

Another feature of the TR 1602 is that the control 
information can be strobed into the transmitter and 
receiver and stored internally. This allows a common 
bus from a computer to easily maintain the controls 
for a large number of transmitter I receivers. 
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The TR 1602 data and error flag outputs are designed 
for direct compatibility with ~us organized systems. 
This feature is achieved by providing completely 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 
to an open circuit (very high impedancel when dis­
abled. A separate control line is provided to enable 
the data outputs and another one to enable the error 
flags so that the data outputs can be tied to a 
separate bus from the flag outputs. 

The TR1602 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 Holding Register whenever the Transmitter 
Holding Register Empty (THRE) line is at a logic one, 
indicating mat the. Transmitter Holding Register is 
empty. The data is loaded in by strobing the Trans:. 
mitter Holding Register Load (THAL) line to a logic 
zero. The data is automatically transferred to the 
Transmitter Register as soon as the Transmitter 
Register becomes empty. The desired start, stop and 
parity bits are then added to . the data and serial 
transmission is started. The number of stop b.its and 
the type of parity bit is under control of the Control 
Register. The s1ate of the control lines is loaded into 
the Control Register when the Control Register Load 
(CRU line is strobed to a logic one. The 5 control 
lines allow 24 different character formats as shown in 
Table 1. These 24 formats cover almost all of the 
transmission schemes presently in, use. 

A Master Reset (MRI input is provided which sets 
the transmitter to the idle state whenever this line is 
strobed to a logic one.· In addition, a Status Flag 
Disconnect (SFO) 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 tum-on, the master reset 
should be strobed to set the circuits to the idle state. 
The external device can then set the transmitter 
register data inputs to the desired value and after the 
data inputs are stable, the load pulse is applied. The 
data is then automatically transferred to the Trans­
mitter Register where the start, stop and parity (if 
reQuired) bits are added and transmission is started. 
This process is then repeated for each subseQuent 
character as they become available. The only timing 
reQuirement for the external device is that the data 
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TABLE 1 

CONTROL DEFINITION 

CONTFIOL WOFIO 

WW 

L L P E S 

S S I P B 

2 1 E s 

0 0 0 0 0 

0 0 0 0 1 

0 0 0 1 0 

0 0 0 1 1 

0 0 1 • 0 

0 0 1 • 1 

0 1 0 0 0 

0 1 0 0 1 

0 1 0 1 0 

0 1 0 1 1 

0 1 1 • 0 

0 1 1 x 1 

1 0 0 0 0 

1 0 0 0 1 

1 0 
""" 

1 0 

1 0 0 1 1 

1 0 1 • 0 

1 0 1 • 1 

1 1 0 0 0 

1 0 0 1 

1 1 0 1 0 

1 1 0 1 1 

1 1 1 • 0 

1 1 1 • 1 

STAFIT 

BIT 

.~ 

Cl'IAFllACTEFI i:ol'IMAT 

0.ATA PAFllTY STOP 

BITS BIT BITS 

5 000 

5 000 1.5 

5 EVEN 1 

5 EVEN 1.5 

5 NONE 

5 NONE 1.s 
6 000 

6 000 2 

6 EVEN 

6 EVEN 2 

6 NONE 

6 NONE 2 

7 000 

7 000 2 

7 EVEN 

7 EVEN 2 

7 NONE 

7 NONE 2 

8 (.100 

8 000 2 

8 EVEN 

8 EVEN 2 

8 NONE 

8 NONE 2 

inputs be stable during the load pulse (and 20 nsec 
after!. 

The TR1602 Transmitter output will have less than 
1 % Distortion at baud rates of up to 20K baud 
(assuming the Transmitter Register Clock is perfect) 
and is, therefore, compatible with virtually all 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 
assumed to be a valid start bit and the counter con­
tinues to count to find the center of all subsequent 
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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 parity as 
described in Table 1. The word length gating circuit 
adjusts the length of the Receiver Register to match 
the length of the data characters. A parity check 
circuit checks for even or odd parity if parity was 
added by the Transmitter. If parity does not check a 
Parity Error signal will be set to a logic one and this 
signal will be held until the next character is trans­
ferred to the Holding Register. A circuit is also pro­
vided that checks the first stop bit of each character. 
If the stop bit is not a logic one; the Framing Error 
line will be set to a logic one and held until the next 

WESTERN¢ DIGITAL 

CORPOR.4 T!QIV 

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

The TR1602 Receiver uses a 16X clock for timing 
purposes. Furthermore, the center of the start bit is 
defined as clock count 7-1 /2. Therefore, if the 
receiver clock is a symmetrical square wave as shown 
in Figure 10, the center of the bits will always be 
located within ± 3. 125% (assuming a perfect input 
clock) thus giving a receiver margin of 46.875%. 

TR1602/TR1863 

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 also un­
known by the shaded area around the sample point. 
This turns out to be ± 1 /32 = ± 3. 125%. 

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

1.0% + {0.1%x101 + 0.1 {1/161 .. 2.3% Distortion 
(Jitter I (Offset I (Non-symmetrical 

Clock I 

(The frequency offset was multiplied by the number 
of elements per character since the offset is cumula­
tive on each element). 
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MOS/LSI 
APPLICATION NOTE 

Introduction 

FLOPPY DISK CONTROLLER 
APPLICATION NOTE 

The F01771 is a MOS/LSI device that performs the 
function of interfacing a processor to a flexible (Floppy) 
diskene drive. This single chip replaces nearly 80% of the re· 
Quired disk drive interfac:a electronics. (See figure 1·1). It pro­
vides the data accessing controls and the bidirectional transfer 
of information between the processor's memory and the mag­
neticaUy stored data on the diskette. The diskette data is stored 
in a data entry format compatible with the IBM 3740 s;>ecifi· 

cation (other formats may be used providing more data stor· 
agel. l'1 this format aU information is recorded on tracks 
(radial· paths) in sectors (arc sections) defined by a program· 
med header as shown below: 

.... 
~

IC If,_. 

a:I r:..,.. ~ -..... 
The F01771 handles single densitY freQueney modulated 

(FM) data. Each data cell is defined by clock pulses. A pulse 
recorded between clock pulses identifies the presence of a 
logic 1 bit: the absence of this pulse is interpreted as a logic 0 
bit. The Address Marks for lndu, 10. and Data are identified 
by a particular pattern not repeated in the remainder of the 
10 field or Data field. This is accomplished by r11ding pattems 
that are recorded with missing clock biu (logic 0) as shown 

FD1771 
FLOPPY DISK FORMATTER/CONTROLLER 

Index Address Mark Can 1 1 1 1 1 1 0 0 •F'C 
Clock 1 1 0 1 0 1 1 , •C7 

10 Address Mane Cata 1 1 1 1 1 1 , 0 •F'E 
CIOClt 1 1 0 0 0 1 1 1 •C7 

Data Address Mark Cara 1 1 1 , , 0 1 , .... 
CIOClt , ·1 0 0 0 , 1 , -C7 

Oel•ted Cata , 1 , 1 , 0 0 0 .... 
Data Address Mark Clock 1 , 0 0 0 , 1 , •C7 

These panerns are used as synchronization codes by the 
F01771 when reading data and are recorded by the formatting 
command, Write Tracie, when the FD 1771 is presented with 
data F7 through FE. 

SECTION I F01771 OESCRIPTlCN 

1.1 F01771 - Flexible Crive Interlace (Reier to Figure 1-1 
FD 1771 Block Diagram) 

The FD 1771 generates all controls to position the read/ 
write head over the desired uacl<. The FD 1771 has the capabi· 
litV of sending successive three phase pulses over the lines ?H 1. 
PH2, and ?H3 for 3 phase stepping motors or by sending a 
level over the PH2 iine and pulses over the PH 1 :jnes to deter· 

mine direction and stepping· rate for step-direction motors. 
The particular motor interface is chosen by hardwiring the ex· 
ternal pin, 3PM. 

below: 
ALL REFERENCE TO F01771 DENOTES FD1771·01 VERSION 
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A Suffix = Ceramic 
B Suffix = Plastic 
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F01771 PIN CONNECTIONS 
FIG 2 
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FIGURE 1·1 

The head is loaded against the recording media (diskene) 
by the HLD (Head Load) signal from the F01771. A read or 
write operation does not oceur until a logic high signal is sam­
pled at the HL T (Head Load Timing) input. This input is sam­
pled after a 10 msec Internal delay. This input may be wired 
high if 10 msec iime is sufficient or a one snot may be used to 
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 Procassor Interlace) will disable the HLT 
functions and the 10 ms delay. 

When reading the serial data from the disk the FD 1771 
will look for the desired sector to be read, check its 10 field 
and locate its data address mark. All subseQuent serial data is 
assembled in parallel form and 11resented to the processor 
interlace. The serial data read from the Floppy Driver may be 

input as comPosite data, both clock and data present at the 
FODA TA input, or as separated data in which the data is input 
to the FDDATA pin and the clock is input to the FO Clock 
pin. 

WEllTERN¢ DIGITAL 

When writing, information is presented as composite ot 
serial clock and data pulses of 500 nsec periods. With data 
present at the WO outPut the WG (Write Gate) signal is acti· 
vated to allow current to flow in the Read/Write head. 

The remaining interface between the FD 1771 and the 
Floppy Drive concerns natus information .. The TP (Index 
Pulse) and~ (Track 00) signals are outputs of the drive 
to indicate when the index mark is encountered (once per 

revolution of the disk) or when the Read/Write head is located 
over Traci< 00 respectively. 

The WPRT (Write Protect). OiNT (Disk Initialization), 
and Ready signals reflect the drive condition. The Write Pro­
tect signal, when a logic low, prevents the F 0 1771 from en· 
cuting a Write Command. The Disk Initialization inout, when a 
logic low, prevents a Write Track Command and essentially 
disables the rewriting of a format over ii _previously formatted 
diskette. The Ready signal indicates Floppy Drive readiness 
and a logic low on this input prevents any Read or Wriu 
command from being executed. 

3128 FIEO MIL.!. AVENUE. SOX 71IO 
NEWPOFIT BEACl-I. CAL.IFOFINIA ~-
(7141 557-3550 TWX 91~t1 



.WESTERN DIGIT AL 

Other sutus interiaca signals are WF (Write Faultl from 
me Drive which signifies a write operation fault such as failure 
to det~ write current when WG is turned on terminating the 
CiJrrent Write command: and the TG.._3 signal to the ::irive 

indicating me rraci< to !:le written on is located between Trade 
44 and Traci< 76. This !atter signal is used tJv the drive to 
lower the write current on inner tracks and compensate for the 
higner density recording of these tracks. 

1.2 FOi771 - ?roc:essor Interlace (See figure 1·11 

All commands, status and data are transferred over the 3 

state !:lidirectional DAL (Data Access) lines. These 8 lines ore· 
sent an ooen circuit to the common procHsor peripheral !:lus 
until activate<! ov the~ {Chip Sele<:t) signal. An active CS 
combined with RE { R.ead Enable) sets the DAL into the trans­
mitter mode whiie the CS-combined with an active WE (Write 
Enable) sets the DAL in the receiver mode. The information in 
the i=D 1771 resides in S accessible 8 bit r1!9isters. Thesa re­
gisters are: ( 1) The bidirectional Data R1!9is!er v~hich acts as 
a parallel buffer for read or write ooerattons. and receives the 
desired track number to be accessed in seek operation. (2) the 
Command register which receives and stores commands from 

~ processor. (3) The sector register which receives the de­

•• ~ed sector numoer to be accessed, (4) The track regis!er which 
;:::inta1ns the present Traci< position. (5l The Status Register 
containing information about the cresant operation. 

The accessing of the registers is accomplished by a com· 
bination of active leveis on the CS, RE, or WE, and the register 
address lines A 1 and AO. The Command Register can only 
receive information and tlie Status R1!9ister can onlv transmit 
information. 

Two signals are available to aid in program resoonse to 
the F01771. The INTRO (Interrupt ReQuest) is aC!1vated bv 
ttie controller whenever an operation is completed successfully 
or terminated by a fault. The D RQ (Data Request) signal is 
available as an indication of the chips readiness co "transfer a 

ovte of data during read or write operations. 

A 2MHZ clock is required by the chip as a referenca for 
all timed signals ·such as motor controls and data transfers. The 
MR (Master Reset! clears the command r1!9ister and initiate$ a 
Restore (seek track 001 Command when the~ line is re-

•rned to an inac':ive state. 
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FD1771 

1.3 F0177i lnsuuc:tions 

The FO 1771 can be considered a wecialized microoro· 
C!SSOr with its own instrue!ion r&Qertoire. These are listed in 
the Tables below. 

The Restore, Seek, and the three Seep commands position 
me Read/Write head over the desired tracic. The Rutore posi· 
tions it over Tracie 00. the Seek POisitions it over the rracic 
~ified in the Dau Register, and :he Step Commands posi· 
tion the head over an adjaant track to its present position. 

The SteQ In moves the head inward toward the center of the 
disk while the Step Out moves it outward from the centar. The 
Step Command moves the head one step in the same direction 
as the previous.command, 

The Read and Write ct1mmands are the normally exe­
cuted commands when transferring information. The Read 
command initiates a search for a track and secror code in the 
ID field equal to that in the traci< and sector registers.. When 
found, the data is formatted from serial to parallel and pre· 
sented to the Oata RegiS!er along witli the setting of me OAQ 
signal. Sy saning of bit 4 in the Read (or Writel command all 
data records from the desired S!1:tor until me last sector on the 
tracic are sequentially assembled. The setting of bit 3 allows 
other combinati.ons ot byte count per sactor than the stand· 
ard I SM format. 

The Write Command operates similar to the Read 
Command in multiple sector and variable sector length. All 
received words in ti"le Data register are transferred.to the shift 
reqimr at which time the DAQ line is set. Four separate Data 
address marks are selectable ttirough bits 1 and 0 whicz1 are 
written on the diskem prior to writing the sactor data. 

The Read Address command provides the next encountered 
ID field (6 bvtesi on the diskette to me processor. This can 
be used to identify the track over which &le head resides and 
can be used if one were to multiplex between two or more 
drives and wish to return to the first drive. This could also be 

aa::cmplished by storing the tracic r1!9ister in memory and re­
turning it when reaaivating the first drive. 

The Write Trad< command is basically used for formatting. 
Ona the index position is located ttie FD1771 will request 
data and transfer it to the disk including all ID fields, gaos, and 
Data fields. Special address marks and the CAC c:haraaen are 
written by detecting .certain data patterns. The Read traei< 
command allows the reading of tl'le entire recorded cattern on 
a craci< including gaps. (Refer to Data Shttt for for· 
matting details) 
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The final command is the Force interrupt which can be 

loaded into the Command register at any time. This will ter­
minate any present operation and can also generate an inter· 
rupt under four selectable conditions. 

1.4 Status Register (See Table 1, page 16) 

This register contains status information associated with 
each of the command instl'1Jctions. Bit 7 always raflects the 
Ready condition of the Drive while bit 0 (Busy) always defines 
the status of the FD 177 l concerning present operations. 

COMMAND SUMMARY 

BITS 
TYPE COMMAND 7 6 5 4 3 2 1 0 

I Restore 0 0 0 0 h v ri ro 

I Seek 0 0 0 1 h v ri ro 

I Step 0 0 1 u h v ri ro 

I Step In 0 1 0 u h v ri ro 

I Step Out 0 1 1 u h v ri ro 

II Read Command 1 0 0 m b E 0 0 

II Write Command 1 0 1 m b E ai ao 

Ill Read Address 1 1 0 0 0 1 0 0 

Ill Read Track 1 1 1 0 0 1 0 s 

Ill Write Track 1 1 1 1 0 1 0 0 

IV Force Inter· 1 1 0 1 13 12 1, Io 
rupt 

COMMAND FLAG SUMMARY 
TYPE I 

h=Head Load flag (Bit 3l 

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

v = Verify flag (Sit 2) 

V = 1, Verify on I ast track 
V=O, No verify 

r 1 ro "' Stepping motor rate (Bits 1 ·Ol 
r 1 ro=OO, 6ms between steps 
r1ro=01, 6 ms between steps 
riro=10, 1 Oms between steps 
r 1ro=11. 20ms between steps 

u= Update flag (Bit 4) 

u= 1. Update Track register 
u=O. No update 

WE6TERN¢ DIG/TAJ. 
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In general bit 1 reflects the state of the external D RQ sig­
nal while bit 2 indicates lost data due to overrun or underrun 
conditions. The Type 1 or head positioning instructions use bit 
1 and 2 as a reflection of the "i'Pand TROO inputs respectively. 

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

TYPE II 

m = Multiple Record flag (Bit 4) 

m=O. Single Record 
m=l. Multiple Records 

b = Block length flag (Sit 3) 

b=l. ISM format (128 to 1024 bytes) 
b=O, Non-I BM. format I 16 to 4096 bytes) 

a1ao =Data Address Mark (Bits 1-0) 
aiao=OO. FB (Data Mark) 
alao=01, FA IDa:a Mark) 
a 1ao=10, F9 (Data Mark) 
a1ilQ'"'l l, FB (Data Mark) 

TYPE Ill 

s = Synchronize flag (Sit 0) 

s=O, Synchronize to AM 
s= 1, Do not synchronize to AM 

TYPE IV 

Ii "" Interrupt Condition fie.gs (Bits 3·0) 

1o=1, Not Ready to Ready Transition 
11=1, Ready to Not Ready Transition 
12'"' 1, Index Pulse 
13= 1, Immediate I nterl'1Jpt 

E=Enable H LD and 10 msec Delay 

E= 1, Enable H LO. H LT and 10 msec [)elay 
EsQ, Head is assumed Engaged and there 

is no 10 msec Delay 

3128 AEO HILL AVENUE. BOX 2180 
NEWPORT 8EACH, CALIFORNIA 92603 
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PIN NO PIN NAME SYMBOL 

Computer lnter1aee: 

7-14 DATA ACCESS LJNES DAL0-0AL7 

3 CHIP SELECT cs 

5,6 REGISTER SELECT LINES AO,A1 

4 REAO ENABLE 

2 WRITE ENABLE 

38 DATA REQUEST DRQ 

39 INTERRUPT REQUEST INTRO 

24 CLOCK CLK 

Floppy Oisk Interface: 

25 EXTERNAL DAT A SEPERA TION XTDS 

26 Ft.OPPY DISK CLOCK 
(External Separation) 

27 Ft.OPPY DISK DAT A 

31 WRITE DATA 

28 HEAD LOAD 

2:3 HEAD LOAD TIMING 

15 Phase 1/Step 

16 Phase 2/Dire<:tion 

17 Phase3 

18 3 Phase Motor Select 

WESTERN¢ DIGITAL 

-· 

FOCLOCK· 

FDDATA 

WO 

HLD 

HLT 

PH1/STEP 

PH2/0IRC 

PH3 

3PM 
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FD1771 
FUNCTION 

•Eight bit inverted SidireGtional bus used for transfer 
of data. control, and status. This bus is <i re<:eiver 
enabled by WE or a transmitter enabled by Rt. 

•A logic low on this input selects the chip and enables 
computer communication with the device. 

•These inouts select the register to receive/transfer 
data on the DAL lines under RE and WEcontro1: 
.Al M RE WE 
O O Status Reg Command Reg 
0 1 Track Reg Track Reg 
1 0 Sector Reg Sector Reg 
1 1 Data Reg Data Reg 

•A logic tow on this input controls the placement of. 
data from a selected register on the DAL when CS is 
~w. . 

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

•T'his open drain output indicates that the DR contains 
assembled data in Read operations, or the DR is em­
pty in Write operations. This signal is reset when ser­
viced by the computer through reading or loading the 
DR in Read or Write operation, respectively. Use 10K 
pull-up resistor to + 5. 

•T'his open drain output is set at the completion or ter­
mination of any operation and is resat when a new 
command is loaded into the command register. Use 
10K pull-up resistor to + 5. 

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

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

•This inout re<:eives the externally seoarated clock 
when X'!'l5S - O. If ~ - 1, this input should be 
tied to a logic high. 

•This input receives the raw read disk data if XTOS • 
1, or the externally separated data if XTDS - 0. 

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

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

•If the 3FM input is a logic low the three 12.t!!se motor 
control is selected and ?H1, ?H2. and PH3 outputs 
form a one active low signal out of three. PH 1 is ac· 
live tow after MA. It the 3PM input is a logic high the 
step anc;I direction motor control is selected. T'he step 
output contains a 4use<: high signal for each step and 
the dire<:tion· output is active high when stepping: ac· 
live low when stepping out. 

31'28 REC '"411..L.. .:.ve·.;.;e_ :!C'< 2'80 
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PIN NO.: 

29 

30 

32 

33 

34 

35 

36 

37 

22 

PIN NAME; 

Track Greater Than 43 

WRITE GATE 

Ready 

WRITE FAULT 

TRACKOO 

INDEX PULSE 

WRITE PROTECT 

DISK INTIALIZATION 

TEST 

SYMBOL; 

TG43 

WG 

READY 

FUNCTl.ON 

•Thls output informs the drive that the Read-Write 
head is positioned between track 44-iS. This output, 
valid only during Read and Write Commands.' 

• • This outp_ut is made valid when writing is to be per· 
formed on the diskette. 

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

•This input detects writing faults indications from the 
drive. When WG • 1 and ~ goes low the current 
Write command is terminated and the Write Fault 
status bit is set. The ~ input should 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 marl< is encountered on 
the diskette. 

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

•The input is sampled whenever a Write Track com­
mand is received. If 5iNT - O, 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 + SV or left open by the user. 

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

Information furnished by Western Digital CQrporation is believed to be accurate and reliable. However, no responsibility is . 
assumed by Western Digital Corporation for its use; nor any infringements of patents or other rights of third parties which 
may result from its use. No license i;s granted by implication or otherwise under any patent or patent rights of Western 
Digital Corporation. Western Digital Corporation reserves the right to change said circuitry at any time without notice. 
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FD 179X-02 Floppy Disk Formatter/Controller Family 

FEATURES 

• TWO VFO CONTROL SIGNALS 
• SOFT SECTOR FORMAT COMPATIBILITY 
• AUTOMATIC TRACK SEEK WITH 

VERIFICATION 
• ACCOMMODATES SINGLE AND DOUBLE 

DENSITY FORMATS 
IBM 3740 Single Density (FM) 
IBM System 34 Double Density (MFM) 

• READ MODE 
SingleiMultiple Sector Read with Automatic 

Search or Entire Track Read 
Selectable 128 Byte or Variable length Sector 

•WAITE MODE 
Single/Multiple Sector Write with Automatic 

Sector Search 
Entire Track Write for Diskette Formatting 

• SYSTEM COMPATIBILITY 
Double Buffering of Data 8 Bit Bi-Directonal 

Bus for Data, Control and Status 
DMA or Programmed Data Transfers 
All Inputs and Outputs are TTL Compatible 
On-Chip Track and Sector Registers/Comprehensive 

Status Information 

• PROGRAMMABLE CONTROLS 
Selectable Track to Track Stepping Time 
Side Select Compare 

• WRITE PRECOMPENSATION 
• WINDOW EXTENSION 
• INCORPORATES ENCODING/DECODING 

AND ADDRESS MARK CIRCUITRY 
• FD1792/4 IS SINGLE DENSITY ONLY 
• FD1795/7 HAS A SIDE SELECT OUTPUT 

179X-02 FAMILY CHARACTERISTICS 

FEATURES 1791 1793 1795 

Si~e Dens~ (FM) x x x 
Double Dens_i_ty.JMFMl x x x 
True Data Bus x 
Inverted Data Bus x x 
Write Precom..e_ x x x 
Side Selection Output x 

APPLICATIONS 
FLOPPY DISK DRIVE INTERFACE 
SINGLE OR MULTIPLE DRIVE CONTROLLER/ 

FORMATTER 
NEW MINI-FLOPPY CONTROLLER 

K ~ 
RAWREAO 

CATA 181 RCLK 
.. c 40 J 1.Joo1 + 12v1 

wt 39 INTRO AO 

cs ' J 

"l 50EN 
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37 0 
"o M 
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WE 
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PIN CONNECTIONS 

FD179X SYSTEM BLOCK DIAGRAM 

109 

RG/SSO 

LATE ...... 
EARLY 

WO 

•5 

~ lOK 

WG 

WPi'IT 
WF/VFOE __... 

~ 

IP 

TROO 

~EADY 
~ 

TG'3 

STEP 

QIRC 
~ 

F 
L 
0 
p 
p 
y 

0 
I 
s 
K 

I 
N 
T 
E 
R 
F 
A 
c 
E 

1797 

x 
x 
x 

x 
x 



GENERAL DESCRIPTION 
The FD179X are MOS LSI devices which perform the 
functions of a Floppy Disk Formatter/Controller in 
a single chip implementation. The FD179X, which 
can be considered the end result of both the FD1771 
and FD1781 designs, is IBM 3740 compatible in 
single density mode (FM) and System 34 compatible 
in. Double Density Mode (MFM). The FD179X 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 close as 
possible with the computer interface, instruction set, 
and 110 registers being identical. Also. head load 

PIN OUTS 

PIN 
NUMBER PIN NAME 

I 

1 NO CONNECTION 

19 MASTER RESET 

20 POWER SUPPLIES 

21 

40 
COMPUTER INTERFACE: 

2 

3 

4 

5,6 

WRITE ENABLE 

CHIP SELECT 

READ ENABLE 

REGISTER SELECT 
LINES 

SYMBOL 

NC 

MR 

Vss 

Vee 

Voo 

WE 

cs 

RE 

AO, A1 

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
tiplexed bus with other bus-oriented devices. 

The FD179X is fabricated in N-channel Silicon Gate 
MOS technology and is TTL compatible on all inputs 
and outputs. The 1793 is identical to the 1791 except 
the DAL lines are TRUE for systems that utilize true 
data busses. 
The 17'35/7 has a side selec.t output for controlling dou­
ble sided drives. and the 1792 and 1794 are "'Single 
Density Only" versions of the 1791 and 1793. On these 
devices. ODEN must be left open. 

FUNCTION 

Pin 1 is internally connected to a back bias 
generator and must be left open by the user. 

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

Ground 

+5V :::5% 

..,..12v :::5% 

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

A logic low on this input selects the chip and ena­
bles computer communication with the device. 

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

These inputs select th€! register !£_receive/ 
transfer data on the DAL lines under RE and WE 
control: 

A1 AO RE WE 

0 0 Stat.us Reg Command Reg 
0 1 Track Reg Track Reg 
1 0 Sector Reg Sector Reg 
1 1 Data Reg Data Reg 

7-14 OAT A 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. 2 MHz for 8" 
drives, 1 MHz for mini-drives. 

1 1 0 



PIN 
NUMBER PIN NAME SYMBOL FUNCTION 

38 DAT A REQUEST ORO 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 DA in Read or Write opera-
tions, respectively. Use 10K pull-up resistor to +5. 

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

read or the command register is written to. Use 1 OK 

FLOPPY DISK INTERFACE: pull-up resistor to +5. 

15 STEP STEP The step output contains a pulse for each step. 

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

17 EARLY EARLY Indicates that the WAITE DAT A pulse occurring 
while Early is active (high) should be shifted early 
for write precompensation. 

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

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

23 HEAD LOAD TIMING HLT When a logic high is found on the HL T input the 
head is assumed to be engaged. 

25 READ GATE (1791/3) AG 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. 

25 SIDE SELECT OUTPUT sso The logic level of the Side Select Output is directly 
( 1795, 1797) controlled by the ·s· flag in Typi3 II or Ill 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 II or Ill command. 
It is forced to a logic 0 upon a MASTER RESET 
condition. 

26 READ CLOCK RCLK A nominal square-wave clock signal derived from 
the data stream must be provided to this input. 
Phasing (i.e. RCLK transitions) relative to RAW 
READ is important but polarity (RCLK high or low) 
is not. 

27 RAW READ RAW READ The data input signal directly from the drive. This 
input shall be a negative pulse for each recorded 
flux transition. 

28 HEAD LOAD HLD The HLD output controls the loading of the 
Read-Write head against the media. 

29 TRACK GREATER TG43 This output informs the drive that the Read/Write 
THAN 43 head is positioned between tracks 44-76. This output 

is valid only during Read and Write Commands. 

30 WRITE GATE WG This output is made valid before writing is to be 
performed on the diskette. 

1 1 1 



PIN 
NUMBER PIN NAME SYMBOL 

31 WRITE DATA WO 

32 READY READY 

---33 WAITE FAULT WF/VFOE 
VFO ENABLE 

34 TRACK 00 TROO 

35 INDEX PULSE IP 

36 WRITE PROTECT WPRT 

37 DOUBLE DENSITY ODEN 

ORGANIZATION 
The Floppy Disk Formatter block diagram is illus­
trated on page 5. The primary sections include the 
parallel processor interface and the Floppy Disk inter­
face. 
Data Shift Register-This 8-bit register assembles 
serial data from the Read Data input (RAW READ) 
during Read operations and transfers serial data to 
the Write Data output during Write operations. 
Data Register-This 8-bit register is used as a hold­
ing register during Disk Read and Write operations. 
In Disk Read operations the assembled data byte is 
transferred in parallel to the Data Register from the 
Data Shift Register. In Disk Write operations informa­
tion is transferred in parallel from the Data Register 
to the Data Shift Register. 

1 1 2 

FUNCTION 

A 250 ns (MFM) or 500 ns (FM) pulse per flux 
transition. WD contains the unique Address marks 
as well as data and clock in both FM and MFM 
formats. 
This input indicates disk readiness and is sampled 
for a logic high before Read or Write commands 
are performed. If Ready is low the Read or Write 
operation is not performed and an interrupt is 
generated. Type I operations are performed re-
gardless of the state of Ready. The Ready input 
appears in inverted format as Status Registei 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 If WF = 0, any write command will im-
mediately be terminated. When WG = 0, Pin 33 tune-
tions as a VFOE output. VFOE will go low during a 
read operation after the head has loaded and settled 
(HL T = 1 ). On the 1795/7, it will remain low until the 
last bit of the second CRC byte in the 10 field. VFOE 
will then go high until 8 bytes (MFM) or 4 bytes (FM) 
before the Address Mane It will then go active until 
the last bit of the second CRC byte of the Data Field. 
On the 1791/3, VFOE will remain low until the end of 
the Data Field. 

This 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 selects either single or double density )p-
eration. When ODEN = 0, double density is 
selected. When ODEN = 1, single density is 
selected. This line must be left open on the 1792/4 

When executing the Seek command the Data Regis­
ter holds the address of the desired Track position. 
This register is loaded from the DAL and gated onto 
the DAL under processor control. 

Track Register-This 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 loaded 
from or transferred to the DAL. This Register should 
not be loaded when the device is busy. 
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F0179X BLOCK DIAGRAM 

Sector Register (SR)-This 8-bit register holds the 
address of the desired sector position. The contents 
of the register are compared with the recorded sector 
number in the ID field during disk Read or Write op­
erations. The Sector Register contents can be loaded 
from or transferred to the DAL. This register should 
not be loaded when the device is busy. 
Command Register (CR)-This 8-bit register holds 
the command presently being executed. This register 
should not be loaded when the device is busy unless 
the new command is a force interrupt. The command 
register can be loaded from the DAL, but not read 
onto the DAL. 
Status Register (STR)-This 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 re.ad 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 
polynomial is: G(x) = x 16 + x 12 + xs + i. 
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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 intemal device timing is generated from an ex­
temal crystal clock. 
The FD1791/3 has two different modes of operation 
according to the state of ODEN. When ODEN = O 
double density (MFM) is assumed. When lJC5'EN = 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 aE.£.Qmplished 
through the eight Data Access Lines (DAL) and as­
sociated control signals. The [)A[ are used to trans­
fer Data, Statu..!:,2nd 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 th!!Jlost processor, the device address 
is decoded and CS is made low. The address bits A1 
and AO, combined with the signals RE during a Read 
operation or WE during a Write operation are inter­
preted as selecting the following registers: 

A1-AO READ (RE) WRITE (WE) 

0 0 Status Register Command Register 
O 1 Track Register Track Register 

O Sector Register Sector Register 
Data Register Data Register 

During Direct Memory Access (OMA) types of data 
transfers between the Data Register of the FD179X 
and the processor, the Data Request (DAO) output is 
used in Data Transfer control. This signal also 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 serial input byte 
is transferred in parallel to the Data Register. This bit 
is cleared when the Data Register is read by the pro­
cessor. If the Data Register is read after one or more 
characters are lost, by having new data transferred 
into the register prior to processor readout, the Lost 
Data bit is set in the Status Register. The Read 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 loaded 
with new data by the processor. If new data is not 
loaded at the time the next serial byte is required by 
the Floppy Disk, a byte of zeroes is written on the 
diskette and the Lost Data bit is set in the Status Re­
gister. 

At the completion of every command an INTRO is 
generated. INTRO is reset by either reading the 
status register or by loading the command register 
with a new command. In addition, INTRO 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 0!5E1\I (Pin 37). When LmE'fil = 1, single density 
is selected. In either case, the CU< 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 CU< 
equals 1 MHz these times are doubled. 
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HEAD POSmONING 
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 
O of the command word. After the last directional 
step an additional 15 milliseconds of head settling 
time takes place if the Verity flag is set in Type I 
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 II or Ill command. 

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

Step-A 2 µ,s (MFM) or 4 µ,s (FM) pulse is provided 
as an output to the drive. For every step pulse 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 µ,S before the first stepping 
pulse is generated. 

When a Seek, Step or Restore command is executed 
an optional verification of Read-Write head position 
can be performed by setting bit 2 (V = 1) in the 
command word to a logic 1. The verification ope;ation 
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 Field 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 INTRO 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 
INTRO is generated. 

Table 1. STEPPING RATES 

CLll. 2 MHz 2 MHz 1 MHz 1 MHz 2 MHz 1 MHz 

D5EN 0 0 x 

R1 RO TEST=! TEST=1 TEST=1 TEST=! TEST=O TEST=O 

0 0 3 ms 3 ms 6 ms 6 ms 184"5 3681'5 

0 1 6 ms 6.ms 12 ms 12 ms 190µ.s 380µs 

1 0 10 ms 10 ms 20 ms 20 ms 198µa 3961'5 

1 1 15 ms 15 ms 30 ms 30 ms 2081'5 416µs 

The Head Load (HLD) output controls the movement 
of the read/write head against the media. HLD is ac­
tivated at· the beginning of a Type I command if the h 
flag is set (h = 1), at the end of the Type I command 
if the verity flag (V = 1), or upon receipt of any Type 
II or Ill command. Once HLD is active it remains ac­
tive until either a Type I command is received with 
(h = O and V = O); or if the FD179X is in an idle state 
(non-busy) and 15 index pulses have occurred. 



Head Load Timing (HL T) is an input to the FD179X 
which is used for the head engage time. When 
HL T = 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 HL T and 
supplied as an input to the FD179X. 

HLD !------' 

l---so TO IOOmS ____, 

f-- - -: , ..... ------

! I . 

HL T (FROM ONE SHOT) 

HEAD LOAD TIMING 

When both HLD and HL T are true, the FD179X will 
then read from or write to the media. The "and" of 
HLD and HL T appears as a status bit in Type I 
status. 
In summary for the Type I commands: if h = 0 and 
V = 0, HLD is reset. If h = 1 and V = 0, HLD is set at the 
beginning of the command and HL T is not sampled nor 
is there an internal 15 ms delay. If h = 0 and V = 1, 
HLD is set near the end of the command. an internal 
15 ms occurs, and the F0179X waits for HLT to be 
true. If h = 1 and V = 1, HLD is set at the beginning 
or the command. Near the end of the command, after 
all the steps have been issued, an internal 15 ms 
delay occurs and the FD179X then waits for HL T to 
occur. 

For Type II and Ill commands with E flag off, HLD is 
made active and HL T is sampled until true. With E 
flag on, HLD is made active, an internal 15 ms delay 
occurs and then HL T 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, ODEN 
should be placed to logical "1." For MFM formats, 
ODEN should be placed to a logical "0." Sector 
lengths are determined at format time by a special 
byte in the "ID" field. If this 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 Oto 255 tracks. 
For tBM 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 (ACLK) 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 Signal 
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. AG 
is made true when 2 bytes of zeroes are detected. 
The FD179X must find an address mark within the 
next 10 bytes; otherwise AG is reset and the search 
for 2 bytes of zeroes begins all over again. If an ad­
dress mark is found within 10 bytes. AG remains true 
as long as the FD179X is deriving any useful informa­
tion from the data stream. Similarly for MFM, AG is 
made active when 4 bytes of "Off' or "FF' are de­
tected. The FD179X must find an address mark 
within the next 16 bytes. otherwise AG is reset and 
search resumes. 
During read operations (WG = 0), the VFOE (Pin 33) 
~vided for phase lock loop synchronization. 
VRJE will go active when: 

a) Both HL T and HLD are True 
b) Settling Time, if programmed, has expired 
c) The 179X is inspecting data off the disk 

If WF°-1~ 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 fault 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 pulses in FM 
(ODEN = 1) and 250 ns pulses in MFM (ODEN = 0). 
Write Data provides the unique address marks in 
both formats. 

Also during write, two additional signals are provided 
for write precompensation. These are EARLY (Pin 
17) and LATE (Pin 18). EARLY is active true when 
the WO pulse appearing on (Pin 30) is to be written 
early. LA TE is active true when the WD pulse is to be 
written LA TE. If both EARLY and LA TE are low when 
the WO pulse is present. the WD pulse is to be written at 
nominal. Since write precompensation values vary from 
disk manufacturer to disk manufacturer. the actual 
value is determined by several one shots or delay lines 
which are located external to the FD179X. The write 
precompensation signals EARLY and LA TE are valid 
for the duration of WO in both FM and MFM formats. 



Whenever a Read or Write command (Type II or Ill) 
is received the FD179X samples the Ready input. If 
this input is logic low the command is not executed 
and an interrupt is generated. All Type I commands 
are performed regardless of the state of the Ready 
input. Also. whenever a Type II or Ill command is re­
ceived. the TG43 signal output is updated. 

COMMAND DESCRIPTION 

The FD179X will accept eleven command&. 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 lnterrrupt command: 
Whenever a command is being executed, the Busy 
status bit is set. When a command is completed, an 
interrupt is generated and the Busy status bit is re­
set. The Status Register indicates whether the com­
pleted command encountered an error or was fault 
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 7 6 5 4 3 2 1 0 

I Restore 0 0 0 0 h v r1 ro 

I Seek 0 0 0 , h v r1 r., 

I Step 0 0 1 u h V r, ro 

I Step In 0 1 0 u h v r, ro 

I Step Out 0 1 1 u h v r1 ro 

II Read Sector 1 0 0 rr. F2 E F, 0 

II Write Sector 1 0 1 m F2 E F, a,, 

111 Read Address , 1 0 0 0 E 0 0 

111 Read Track 1 1 , 0 0 E 0 0 

111 Write Track 1 1 1 1 O.E 0 0 

IV Force lnterrrupt , 1 0 , 11 12 I, lo 

Note: Bits shown in TRUE form. 

Table 3. FLAG SUMMARY 

TYPE I 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 = O. No verify 

r,r" =Stepping motor rate (Bits 1-0) 

Refer to Table 1 for rate summary 

u =Update flag (Bit 4) 

u = 1, Update Track register 
u = O. No update 
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Table 4. FLAG SUMMARY 

TYPE II & Ill COMMANDS 

m = Multiple Record flag (Bit 4) 

m = O. Single Record 
m = 1, Multiple Records 

ai = Data Address Mark (Bit 0) 

& = O. FB (Data Mark) 
a,, = 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 (179113 only) 

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

(F,) C =Side Compare Flag (1791/3 only) 

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

(F,) S = Side Select Flag 

(Bit 1, 1795/7 only) 

S = 0 Update SSO to O 

S = 1 Updat& SSO to 1 

(Fz) b = Sector Length Flag 

(Bit 3, 1975/7 only) 

Sector Length Field 

00 01 10 

b = 0 256 512 1024 

11 

128 

b = 1 128 256 512 1024 

Table 5. FLAG SUMMARY 

TYPE IV COMMAND 

Ii = Interrupt Condition flags (Bits 3-0) 

10 = 1. Not-Ready to Ready Transition 
11 = 1, Ready to Not-Ready Transition 
12 = 1, Index Pulse 
13 = 1, Immediate Interrupt 
13 -I 0 = 0. Terminate with no Interrupt 

TYPE I COMMANDS 

The Type I Commands include the Restore. Seek. 
Step, Step-In, and Step-Out commands. Each of the 
Type I Commands contains a rate field (ror1 ). which 
determines the stepping motor rate as defined in 
Table 1. 



The Type I Commands contain a head load flag (h) 
which determines if the head i& 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 idle 
(busy = 0) for 15 revolutions of the disk, the head will 
be automatically disengaged (HLD made inactive). 

The Type I 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 sampled. 
When HLT is active (logic true), the first encountered 
ID field is read off the disk. The track address of the 

ENTE'11 

SET BUSY AESET CMC 
SEEK E~ROR OAQ_ INTRO 

0 TO OFI 

8 

NO 

YES SET 

YES 

YES 

OIAECTtQN 

RESET 
OIAECTlON 

•es 

I 

6 
TYPE I COMMAND FLOW 

117 

ID field is then compared to the Track Register: if 
there is a match and a valid ID CRC, the verification 
is complete, an interrupt is generated and the Busy 
status bit is reset. If there is not a match but there is 
valid ID 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, (INTRO). 

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 
on. 
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RESTORE (SEEK TRACK 0) 
Upon receipt of this command the Track 00 (TROO) 
input is sampled. If fROO is active low· indicating the 
Read-Write head is positioned over track 0, the Track 
Register is loaded with zeroes and an interrupt is 
generated. If TROO is not active low, stepping pulses 
(pins 15 to 16) at a rate specified by the riro field are 
issued until the n:iC50 input is activated. At this time the 
Track Register is I~ with ze~oes 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 ff 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. 
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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 F0179X 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 V flag is on. The h bit allows the 
head to be loaded at the start of the command. An 
interrupt is generated at the completion of the com­
mand. 

STEP 

Upon receipt of this command, the F0179X issues 
one stepping pulse to the disk drive. The stepping 
motor direction is the same as in the previous step 
command. After a delay determined by the r1ro field, 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 completion 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 r,r10 field, a 
verification takes place if the V flag is on. The h bit 
allows the head to be loaded at the start of the 
command. An interrupt is generated at the comple­
tion of the command. 

STEP-OUT 

Upon receipt of this command, the F0179X 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 r,ro field, a ver­
ification takes place if the V flag is on. The h bit al­
lows the head to be loaded at the start of the com­
mand. An interrupt is generated at the completion of 
the command. 
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TYPE II COMMANDS 
The Type II Commands are the Read Sector and 
Write Sector commands. Prior to loading the Type II 
Command into the Command Register, the computer 
must load the Sector Register with the desired sector 
number. Upon recejpt of the Type II command, the 
busy status Bit is set. If the E flag = 1 (this is the 
normal case) HLO is made active and HL T is sam­
pled after a 15 msec delay. If the E flag is 0, the 
head is loaded and HL T sampled with no 15 msec 
delay. The ID field and Data Field format are shown 
on page13. 

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 ID 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 ID 
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 field with a Track number, Sector 
number. side number, and CRC within four revolutions 
of the disk; otherwise. the Record not found status bit is 
set (Status bit 3) and the command is terminated with an 
interrupt. 

INTllllO 
AESET ausv 

•frlt()TE If TiST 0 TMERf IS HO l~S 0ElAY 

SET 8USY RESET DAO. LOST 
OATA lltECOAO NOT '0UH0 6 

STATUS &ITS .S 6 9 WTAO 

NO 

I COPY ·s •'lMHO j 
550 LINE !1 ?W7 OHL Vl 

' 

IJ ml I ANO ClK 1 MHI THERE IS 10IWIS DELAY 
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SET 

'""' 
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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 II Commands contains an (m) flag 
which determines if multiple records (sectors) are to 
be read or written. depending upon the command. If 
m = O. 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-

SET ClltC 
ST A TVS Elllft()llt 

INT-0. AfSET 9lJ~f 
SET ..-eCO"O-HC"i FOUND 

NO 

NO 

NO 

BAtNG IN SECTOR L.ENGTM FtELO 
STOl'E L.EHGTH IN INT£,.,,.AL 

"IGISTEii. 
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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. 

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

The Type II 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 
ID 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 WAITE SECTOR com­
mands include a 'b' flag. The 'b' flag, in conjunction with 
the sector length byte of the ID Field, allows different 
byte lengths to be implemented in each sector. For IBM 
compatability, the 'b' flag should be set to a one. The 

PVT RECORD TYPE IN 
STATUS REG Sil 5 

i--
1 "° 

tNTRO RESET BUSY 
SET CAC ERAOR 

1NTRO RESET 8US1 
SE'T RECORO~NOf FOUNO 

~ 
Q INTAO RESET BUSY 
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's' flag allows direct control over the SSO line (Pin 2C) 
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 bytes in 
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 

NO 

DELAY 2 8HES OF GAP 

SET OFiO 

0ElAY !! BYTES OF GAP 

OEL.AY , 9YTE OF GAP 

TUAN ON WG 6 WAITE 
6 BYTES OF lEAOS 

WAITE 01.U, A"4 
ACCORO!NG TO A.O ~1Ei.D 
OF WRITE COMMAND 

[ OF! '!'O csA sn or:10 

'#FllTE SVTE TO Dt$J( 

NO 

YES 

SE"r DATA 

l.OST 
WAITE BYTE 

OF ZEFIOS 

WJlllTE c~c 

• WRITE 1 BYTE OF H 

TURN OFF WG 
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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. If there is a CRC error at the end of 
the data field, the CRC error status bit is set, and the 
command is terminated (even if it ~s 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 
0 

WRITE SECTOR 

Deleted Data Mark 
Data Mark 

Upon receipt of the Write Sector command, the head 
is loaded (HLD active) and the Busy status bit is set. 
When an ID field is encountered that has the correct 
track number, correct sector number. correct side num­
ber, and correct CRC, a DAO is generated. The FD179X 
counts off 11 bytes in single density and 22 bytes in 
double density from the CRC field and the Write Gate 
(WG) output is made active if the DAO is serviced (i.e., 
the DR has been loaded by the computer). If DAO has 
not been serviced, the command is terminated and the 
Lost Data status bit is set. If the ORO has been ser­
viced. the WG is made active an~ six bytes of zeros 
in single density and 12 by1es 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 ao field of the command as shown below: 

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

The FD179X then writes the data field and generates 
DAO's to the computer. If the DAO is 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 Ill COMMANDS 

READ ADDRESS 

Upon receipt of the Read Address command, the 
head is loaded and the Busy Status Bit is set. The 

next encountered ID field is then read in from the 
disk, and the six data bytes of the ID field are as­
sembled and transferred to the DR, and a ORO is 
generated for each byte. The six bytes of the 10 field 
are shown below: 

TRACK SIDE SECTOR SECTOR CRC CRC 
ADDR NUMBER ADDRESS LENGTH 1 2 

1 2 3 4 5 6 

Although the CRC characters are transferred to ·the 
computer, the FD179X checks for validity and the 
CRC error status bit is set if there is a CRC error. 
The Track Address of the ID field is written into the 
sector register. 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 it set. Reading 
starts with the leading edge of the first encountered 
11 ;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 accumulation 
of bytes is synchronized to each Address Mark en­
countered. Upon completion of the command, the in­
terrupt is activated. AG is 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 until after the first 
byte has been loaded into the Data Register. If the 
DR has not been loaded by the time the index pulse 
is encountered the operation is terminated making 
the device Not Busy, the Lost Data Status Bit is set, 
and the Interrupt is activated. If a byte is not present 
in the DR when needed, a byte of 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 below. The CRC generator is initialized when 
any data byte from FB to FE is about to be transfer­
red from the DR to the DSR in FM or by receipt of 
FS in MFM. 

GAP ID TRACK SIDE SECTOR SECTOR CRC CRC GAP DATA CRC CRC 
Ill AM NUMBER NUMBER NUMBER LENGTH 1 2 II AM DATA FIELD 1 2 

ID FIELD DATA FIELD 

In MFM only, IOAM and DATA AM are preceded by three bytes of A1 with clock transition between bits 4 and 5 
missing. 
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NO 

SHIFT 1 BYTE 
INTO OSR 

'fRANSFER 
BYTE TOOR 

SETOAQ 

YES 

TRANSFER TRACK 
NUMBER TO SECTOR 

REGISTOR 

NO 

SET INTRO 
RESET BUSY 

YES 

RESET8U3Y 
SETM'AO 

SET RNF 

SETCRC 
ERROR BIT 

TYPE Ill COMMAND 
Read Track/Address 

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 Sit set), the command 
will oe terminated and an ihterrupt will be generated 
when the condition specified in the lo through b field 
is detected. The interrupt conditions are shown be­
low: 

lo= Not-Ready-To-Ready Transition 
h = Ready-To-Not-Ready Transition 
12 = Every Index Pulse 
'3 = Immediate Interrupt (requires reset, see 

Note) 
NOTE: If lo - b = 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 
new command. If 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 I com­
mands. 

The format of the Status Register is shown below: 

BITS 
7 6 5 4 3 2 0 

57 S6 SS S4 53 82 S1 so 

Status varies according to the type of command exe­
cuted as shown in Table 6. 
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Table 6. STATUS REGISTER SUMMARY 

ALL TYPE I READ READ READ WRITE WRITE 
BIT COMMANDS ADDRESS SECTOR TRACK SECTOR TRACK 

57 NOT READY NOT READY NOT READY NOT READY NOT READY NOT READY 

56 WRITE 0 0 0 WRITE WRITE 
PROTECT PROTECT PROTECT 

55 HEAD LOADED 0 RECORD TYPE 0 WRITE FAULT WRITE FAULT 

54 SEEK ERROR RNF RNF 0 RNF 0 

53 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 DAO DAO ORO ORO DRQ 

so BUSY BUSY BUSY BUSY BUSY BUSY 

STATUS FOR TYPE I COMMANDS 

BIT NAME MEANING 

$7 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 HL T 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 'i'ROO input. 

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

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

STATUS FOR TYPE II ANO Ill COMMANDS 
BIT NAME MEANING 

S7 NOT READY This bit when set indicates the drive is not ready. When reset, it indicates that the drive 
is ready. This bit is an inverted copy of the Ready input and 'ored' with MR. The Type II 
and Ill Commands will not execute unless the drive is ready. 

S6 WRITE PROTEC'Tl On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a 
Write Protect. This bit is reset when updated. 

SS RECORD TYPE/ On Read Record: It indicates the record-type code from data field address mark. 
WRITE FAULT 1 = Deleted Data Mark. 0 = Data Mark. On any Write: It indicates a Write Fault. This bit 

is reset when updated. 

S4 RECORD NOT When set, it indicates that the desired track, sector, or side were not found. This bit is 
FOUND(RNF) reset when updated. 

S3 CRC' ERROR If $4 is set, an error is found in one or more ID fields; otherwise it indicates error in 
data field. This bit is reset when updated. 

S2 LOST DATA When set, it ~ndicates the computer did not respond to ORO in one byte time. This bit is 
reset to zero when updated. 

S1 DATA REQUEST This bit is a copy of the ORO output. When set, it indicates the DR is full on a Read 
Operation or the DR is empty on a Write operation. This bit is reset to zero when up-
dated. 

SO BUSY When set, command is under execution. When reset, no command is under execution. 
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WD1691 FLOPPY SUPPORT LOGIC (F.S.L.) 

FEATURES 

• Direct interface to the FD179X 

• Eliminates external FDC Logic 

• Data Separation/RCLK GENERATION 

• Write Precompensation Signals 

• VFOE/WF Demultiplexing 

• Programmable Density 

• 8" or 5.25" Drive Compatible 

• All inputs and outputs TTL Compatible 

• Single +5V Supply 

WDIN 20 

f2 2 19 fi 

~ 3 18 

l1 4 17 

STB 5 16 vco 
WD1691 

WDOUT 6 15 ODEN 

WG 7 14 PD 

---VFOEJWF 8 13 PU 

9 12 RCLK 

10 11 ROD 

vco ~ 

ODEN 

VFOE 
!WF 

._. 

WG 

EARLY 

LATE 

GENERAL DESCRIPTION 
The WD1691 F.S.L has been designed to minimize the 

external logic required to interface the 179X Family of Floppy 
Disk Controllers to a drive. With the use of an external VCO, 
the WD 1691 will generate the RCLK signal for the WD179X, 
while providing an adjustment pulse (PUMP) to control the 
VCO frequency. VFOE/WF de-multiplexing is also accom­
plished and Write Precompensation signals have been in­
cluded to interface directly with the WD2143 Clock Generator. 

The WD1691 is implemented in N-MOS silicon .gate 
technology and is available in a plastic or ceramic 20 pin 
dual-in-line package. 
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PtN NAME SYMBOL FUNCTION 

1 WAITE DATA WDIN TteS directly to the FD179X WO pin. 
INPUT 

2. 3, 4,19 PHASE Cl2 00 i)1 G4 4 Phase inputs to generate a desired Write Precompensation 
2. 3. 1, 4 delay. The$e signals tie directly to the W02143 Clock 

Generator. 

5 STROBE STB Strobe output from the 1691. Strobe will latch at a high level 
on the leading edge of WOlN and reset to a low level on the 
leading edge of 04. 

6 WAITE DATA WOO UT Serial, pre-compensated Write data stream to be sent to the 
OUTPUT disk drive's WO line. 

7 WRITE GATE WG Ties directly to the FD179X WG pin. 

-- - ---
8 VFO ENABLE: VFOE/WF Ties dire<;1ly to the FD179X VFOEJWF pin. 

WAITE FAULT 

9 TRACK 43 TG43 Ties directly to the FD179X TG43 pin, If Write Pracompen-
sation is required on TRACKS 44-76. 

10 v .. v .. Ground 

--11 READ DATA ROD Composite ciock and data stream input from the drive. 

t 
12 

I I 
READ CLOCK RCLK RCLK signal generated by the WD1691, to be tied to the 

FD179X RCLK pin. 
i 

I 13 PUMP UP PU Tri-state output that will be forced high when the W01691 
requires an increase in VCO frequency. 

14 PUMP DOWN PD Tri-state output that will be forced low when the WD1691 re-

I " 
quired a decrease in VCO frequency. 

-- Double Density Select input. When Inactive (High), the VCO Double Density ODEN 
Enable frequency is internally divided by two. 

I 

16 Voltage vco A nominal 4.0MHz (8# drive) or 2.0MHz (5.25# drive) master 
Controlled clock input. 
Oscillator 

I 
17, 18 EARLY EARLY EARLY and LATE signals from the FD179X, used to deter-

LATE LATE mine Write Precompensation. 

20 Vee Vee + SV ::t 10% power supply 

I 

j 
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DEVICE DESCRIPTION 

The WD1691 is divided into two sections: 

1 ) Data Recovery Circuit 
2) Write precompensation Circuit 

__TI'le Data Separator or Recovery Circuit has four inputs: 
ODEN. VCO, ROD, and VFOE/WF; and three outputs: PU, 
PO and RCLK. The VFC5EIWF 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. 

WG VFOEJWF 

, x 
0 , 
0 0 
0 0 

The Write Precompensation circuit has been designed 
to be used with the WD2143·01 clock generator. When the 
W01691 is operated in a "single density only" mode, write 
precompensation as well as the W02143-01 is not needed. 
In this case, q)1, W, ~3. 4>4, and STB should be tied together, 
ODEN left open, and TG43 tied to ground. 

In the double-density mode (DOEN=O), the siQ.lliils Early 
and Late are used to select a phase input ("f1 - .,4) on the 
leading edge of WDIN. The STB line is latched high when 
this occu!§.. causing the WD2143·01 to start its pulse gen· 
eration. 4>2 is used as the write data ~se on nominal 
(Early=Late=,). l2 is used for early, and tp3 is used for late. 
The leading edge of f.i resets the STB line in~tion of 
the next write data pulse. When TG43'=0 or ODEN= 1, Pre­
compensation 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 I) while DOEN=O. 

The signals, tmm. TG43, and "'R'0!5" i'lave internal pull· 
up resistors and may be left open if a logic I is desired on 
any of these lines. 

When VFOE/WF and WRITE GATE are low, the data 
recovery circuit iunabled. When the ROD iine goes Active 
Low, the PU or PD signals will become active. If the ROD 
line has made its transition in the beginning of the RCLK 
window, PU will go from a Hl·Z state !Q..!..kogic I, requesting 
an increase in VCO frequency. If the ROD fine has made its 
transition at the end of the ACLK window, PU will remain in 
a Hl·Z state while PD will go to a logic zero. requesti!:!9_! 
decrease in VCO frequency. When the leading edge of ROD 
occurs in the center of the RCLK window, both PU and PD 
Will remain tri·stated, indicating that no adju~tment of the 
VCO frequency is needed. The RC~af is a divide-by-
16 (00EN=1) or a divide-by-a (DDEN=O) of the VCO 
frequency. 

ROD PU+PD 

x Hl·Z 
x Hl-Z 
1 Hl·Z 
0 Enable 

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 :::: 1 V; acceptable for most VCO chips with a linear 
voltage-to-frequencv characteristic. 

Both PU and PO signals are affected by the width of the 
RAW READ (ADD) p~. The wider the RAW READ pulse, 
the longer the PU or PD signal (depending upon the phase 
relationship to RCLK) will remain active. If the RAW READ 
pulse exceeds ~ (VCO = 4MHz. ODEN = 0) or 500ns. 
(VCO = 4MHz, ODEN= 1), then both a PU and PD will occur 
in the same window. This is undesirable and reduces the 
accuracy ot the external integrator or low-pass filter to con· 
vert the PUMP signals into a slow moving D.C. correction 
voltage. 
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Eventually, the PUMP signals will have corrected the 
VCO input to exactly the same frequency multiple as the 
RAW READ signal. The leading edge of the RAW READ 
pulse will then occur in the exact center of the ACLK window, 
and ideal condition for the FD179X internal recovery circuits. 



WESTERl'J DIGITAL 
c 0 R P 0 R A T I 0 N 

FD179X Application Notes 

INTRODUCTION 

Over the past several years, the Floppy Disk Drive has 
become the most popular on-line storage device for 
mini and microcomputer systems. Its 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 parallel 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 parallel data 
is properly assembled. After all the design considera­
tions are met, the final controller can consist of 40 or 
more TTL packages. 

To alleviate the burden of Floppy Disk Controller de­
sign, Western Digital has developed a Family of LSI 
Floppy Disk controller 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 B" standard and SW' 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-line 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 (ODEN) 
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 sy<~tem 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 thecommand Register. 
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SYSTEM DESIGN 
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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 B" 
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 additional 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 OMA 
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
quest) 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 OMA 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 DRO's. 

RECORDING FORMATS 

The FD179X accepts data from the disk in a Fre­
quency-Modulated (FM) or Modified-Frequency-Mod­
ulated (MFM) Format. Shown in Figures 4A and 4B are 
both these Formats when writing a Hexidecimal byte 
of '02'. 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. It 
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. 



FIGURE 1. DEVICE CHARACTERISTICS 

DEVICE SNGL DENSITY OBLE DENSITY INVERTED BUS TRUE BUS DOUBLE-SIDED 

1791 x x x 
1792 x x 
1793 x x 
1794 x 
1795 x x x 
1797 x x 

FIGURE 2. STORAGE CAPACITIES 

UNFORMATTED 
CAPACITY (NOMINAL) 

SIZE DENSITY SIDES PER TRACK PER DISK 

5V4" SINGLE 1 3125 109,375* 
5Y4" DOUBLE 1 6250 218,750 
5V4" SINGLE I 2 3125 218,750 
5Y4" DOUBLE 2 6250 437,500 
8" SINGLE 1 5208 401,016 
8" DOUBLE 1 10,416 802,032 
8" SINGLE 2 5208 802,032 
8" DOUBLE 2 10,416 . 1,604,064 

*Based on 35 Tracks/Side 
**Based on 18 Sectors/Track (128 byte/sec) 

***Based on 18 Sectors/Track (256 bytes/sec) 

128 

x 
x 

x 
x x 

BYTE 
FORMATTED 

TRANSFER 
CAPACITY 

TIME PER TRACK PER DISK 

64j.LS 2304** 80,640 
32µ.s 4608*'"* 161,280 
64µ.s 2304 161,280 
32µ.s 4608 322,560 
32µ.s 3328 255,256 
16j.LS 6656 512,512 
32µ.s 3328 512,512 
16µ.S 6656 1,025,Q24 



tn the MFM mode, clocks are decoded into the data 
stream. Tha 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 or 4 microseconds 
apart. The bit cell time is now 2 microsecond::;; twice 
as much data can be recorded without increasing the 
Frequency rate due to this encoding scheme. 

The 179X was designed to be compatible with the IBM 
37 40 (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 IBM standards are soft-sector 
format. Because 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 selecting the device via the CHIP 
SELECT Line, each of the five internal registers can 
be accessed. 

Shown below are the registers and their addresses: 

PIN 3 PIN 6 PIN 5 PIN 4 PIN 2 
cs A, Ao RE=.0" WE~ 

0 0 0 STATUS REG COMMAND 
l REG 

0 0 1 TRACK REG TRACK REG 
0 1 0 SECTOR REG SECTOR REG 
0 1 1 DATA REG 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 INTRO (Interrupt Request) Line is 
reset. The user has the option of checking the busy bit 
or use the INTRO Line to denote command comple­
tion. The Busy bit will be reset whenever the 179X is 
idle and awaiting a new command. The INTRO 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 INTRO. 
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The Ao. 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 addressed like 
RAM. They may also be used under Program Control 
by tying to a port device such as the 8255, 6820, etc. 
As a diagnostic tool when checking out the CPU in­
terface, the Track and Sector registers should rE:-.;>ond 
like "RAM" when the 179X is idle (Busy = INTRO = 
0). 
Because of intemal synchronization cycles, certain 
time delays must be introduced when operating under 
Programmed VO. The worst case delays are: 

iOPERATION NEXT DELAY REO'D 
OPERATION 

r-vRITE TO READ STATUS MFM = 14µ.S* 
!COMMAND REG REGISTER FM= 28µ.S. 

!WRITE TO READ FROM A NO DELAY 
!ANY REGISTER DIFFERENT REG 

*NOTE: Times Double when CU< = 1 MHz (5Y4'' drive) 

Other CPU interface lines are CU<, MR and ODEN. 
The CU< line should be 2MHz (8" drive) or 1 MHz (SW' 
drive) with a 50% duty cycle. Accuracy should be :t: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 intemal reg­
isters and issues a restore command (Hex '03') on the 
rising edge. A quicker stepping__@_te 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 should be connected to the drive's 
TROO sensor. 
The ODEN line causes selection of either single den­
sity (ODEN = 1) or double density operation. ODEN 
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
nals. All of these lines are capable of driving one lTL 
load and . not compatible for direct connection to the 
drive. Most drives require an open-collector lTL inter­
face with high current drive capability. This must be 
done on all output$ from the 179X. Inputs tp 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 volts, while integ­
rity of v." and V0 " levels should 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 I commands. 
The DIRC Line defines the direction of steps (DIRC = 
1 STEP IN/DIRC = 0 STEP oun. 
Other Control Lines include the iP or Index Pulse. This 
Line is tied to the drives' Index L.E.D. sensor and 
makes an act..b!!..!!:!nsition for each revolution of the 
diskette. The TROO Line is another LE.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/WR.ITE commands. READY is not 
inspected during any Type I commands. All Type I 
commands will execute regardless of the Logic Level 
on this Line. 

WRITE SIGNALS 

Writing of data is accomplished by the use of the WO, 
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 t9 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 GAEA TEA 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, ~ALY and LA TE. When using single density 
drives (eighter 8" or 5Y4j, 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 51/4'' 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
~ion must be done external to the 179X. When 
OOEfl 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 LA TE ACTION TAKEN 

O O delay WO by 150ns (nominal) 
O 1 delay WO by 300ns (2X value) 
1 O do not delay WO 

DATA SEPARATION 
The 179X has two inputs (RAW READ & RCU<) and 
one output (VFOE) for use by an. external data sepa­
rator. The RAW READ input must present clock and 
data pulses 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 all cause the RAW READ pulses to 
drift away from their nominal positions. '4£. this occurs, 
the RAW READ pulses will shift left or right with re­
spect to RCU<. 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 value), .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 pulse adjusts RCU<, 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" double density designs. 
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74521111 PROORAMMtlO TABLE •5 

ADDRESS DATA ACTION TAKEN 10 

00 01 NONE 
K 

01 ·--C!L RETARD BY I COUNT 2 mmwr 
02 02 
03 

····-
03 74LS04 

04 03 f"iElARD BY 2 COUNTS 

05 04 

16MH 
LOC 74LS08 

08 05 
·01 08 

+5 3 27 
RAW READ 

08 OB ADVANCE BY 2 COUNTS +5 74 

Oii OD 

OA oc 
OB OE 

oc Of 

00 OF ADVANCE BY I COUNT 

OE 00 

Of 01 

10 01 FREE RUN 

II 02 

12 03 

13 04 

9 LS174 

1K I CLK a. 15 
READ DATA I 2 1J D, 

FROM o, 0, 12 

DRIVE II a. 10 

~ 
7 

7414 a, 
74LSi'4 o. 5 

' 
0, 2 . 

t 

745288 
15 

1-
(\') 

14 A. 
13 A, 11 8 26 

RCLK 
12 A, 
It A, 

10 A, 

•5 

179X·OI 

14 05 

15 oe 
Ill 07 +5 

17 08 

18 09 

10 OA 

1A OB 
1B oc 
1C 00 
1D OE 
1E OF 

IF 00 

FIGURE 12. 179X DATA SEPARATOR 

(PROVIDED COURTESY OF ANDROMEDA SYSTEMS, PANORAMA CITY, CA 914021 



+5V 

11 

14 

+5 F2 

":" 
74LS629 

FC 
50K 3 

ANG 

- ,.._ 200 NS :t 25 

RAW OATA--i_j 27 RAW READ 
FROM DRIVE >-------------------+-5--=; 

.., .. 
7 

:t:5% 

2 

r~F 

! SINGLE 

...----..· • DENSITY 

'·y .DOUBLE 
..J:.DENSITY F0179X 

ODEN 

RCLI~ 

WG 

WO 

EARLY 

LATE 

TG43 

VFOE/WF 

~OTE 3{ 330 WPAr 

I) All RESISTORS V•W :t 5% 
2. SPECIFICATIONS• 

CAPTURE RANGE: :t:20% 

lOCt<-UP TIME: 251&19<: 
(All QNE'S PATTERN, MFM) 

3) FOR !_ 1/-r_ 8 
68µ1 .33µ1 
680 330 

18 

15 

FIGURE 14. 8" SINGLE/DOUBLE DENSITY SYSTEM 
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WESTERN DIGITAL 
c 0 R p 0 R A T I 0 N 

Four Phase Clock Generator 

FEATURES 

•TRUE AND INVERTED OUTPUTS 
• Sl~JGLE 5 VOLT SUPPLY 
•TTL COMPATA.BLE 
•ON CHIP OSCILLATOR 
• XTAL OR TTL CLOCK INPUTS 
• 3 MHz OPE8AT10N 
•TTL CLOCK OUTPUT 
•PROGRAMMABLE PU~SE WIDTHS 
~ PROGRAMMABLE P~fl.SE W:OTHS 
•NO EXTERNA.L CAP.ACITOR 
• NQN-OVER:...APPING OUTPUTS 

2 
~-

1;<; 3 

C3 4 

:, 

c2 6 

i;.·, 

01 8 

GND 9 

PIN CONNECTIONS 

GENERAL DESCRIPTION 
(I) 

.£ 
The W02143-01 Four-Phase Clock Generator 1s a § 
MOS/LSI device capable of generating four non- ?­
overlapping clocks. The output pu!se widths are ;;, 
controlled by tying an external resistor to the proper 
coniro! inputs. A!I pulse widths may be set to the 
same w;d\h by tying the \3Pi'/ i1ne through an exter-
nal 1esistor. Each pulse width can arso be 1nd1v1du­
a!ly programmed by tying a res;s1or through the 
appropriate 01 PW - ~4P'-N cont rel inputs Ir, addi­
tion. the OSC OUT line provides a TTL square wave 
oulpL1t at a divide-by-four of the crystal frequency. 

W02143·01 BLOCK DIAGRAM 
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TTL 
MSI 

TYPES SN54LS624 THRU SN54LS629, 
SN74LS624 THRU SN74LS629 

VOLTAGE·CONTROLLED OSCILLATORS 
.02501. JANLiARY 198~ - REVISED OCTOBER 1980 

• Separate Supply Voltage Pins for Isolation 
of Frequency Control Inputs and Oscillators 
from Output Circuitry 

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

DEVICE SIMILAR NUMBER COMP'L RANGE ~ 
ENABLE Rext 

TYPE TO VCO's Z OUT INPUT 

·~5624 'LS324 sing!e yes yes yes no 
'LS62S 'LS3:?5 dual yes no no no 
'l5626 'LS325 dual yes yes no no 
'LS627 'LS327 dual no no no no 
'LS628 'LS324 single yes ves ves yes 

'LS629 'LS124 dual no Y"' yes ~ 
description 

Thes;· voltage-controlled oscillator< (VCO'sl are 
irnproved versions of the origina! VCO family: 
SN54 LS124, SN54LS324 thru SN54 LS327, 
SN74LS124, and SN74LS324 thru SN74LS327 
These new dovices feature improved voltage-to­
freq~ency iinearity, range. and compensation. With 
the exception of tfif 'LS624 and 'LS628, all of these 
devices feature two indepe'ldent VCO's in a single 
monolithic chip. Tne 'LS624. 'LS625, 'LS626 and 
'LS628 have complementary Z outputs. lhe output 
freo-,•.ncv for each VCO is established by a single 
external component (either a capacitor or a crystal). 
in combination with voltage-sensitive inputs used for 
frequency control anr 'requency range Each device 

has a voltage-sansitive input for frequency control; 
however, the 'LS624, 'LS628, and 'LS629 devices 
also have one for frequency range. (See Figures 1 

thru 61. 

The 'LS628 featur~s two Rexterna! pins that can 
offer more precise temperature compensation than its 

'LS624 counterpart. 

'LS62i ITOP VIEW! 'LS628 (TOP VIEW! 

logtc:· Se€ de~cript1on 

TEXAS INSTRUMENTS 

POST ()FF:CE BOX 2250i:i • 0AL~A$ TE)(AS 7!:265 

SNS4L.S' ..• J OR W PACKAGE 
SN74LS' ... J OR N PACKAGE 

'LS624 !TOP VIEW! 

logte. set: descri p'!iO'"' 

'LS625 (TOP VIEW) 

-----------------' 
'LS626 (TOP VIEW) 

'LS629 (TOP VIEW) 



TYPES SN54LS624 THRU SN54LS629, 
SN74LS624 THBB SN74LS629 
VOLTAGE-CONTROLLED OSCILLATORS 

F:gure 3 and F·-'Ju~e 6 csrn1.'l t~~e n~cessdrV ·nfor=T'ation to choo5e the proper c.::;pac:t;Jr ··;alue to obtain the desired 

::.peratinq fie:iuencv. 

The '.·Jev:ces can :;o ::.::e operateC ~· ·-n a crystdl by connecting a ;ur.damentai series r8Sonant crvsta! ,:icruss the Cext 

p:iis_ !.Fu:"lda,,11?ntai fr~q;_,.:i~icv ~20 ~\.·1Hz _)The frequency control should be connected to 5 volts and, -Nher~ 3pp!icab!e. 

th.-: rcF1:;J8 ·:Jrt:c·I ,r,0uid J1\0 he .-;Jnr12cted iO 5 -JO!t:; 

A -;:ngl~ 5 ··:c...'1t ;:,polv ,-:dr~ tie us2d· nov1<..:ver. ·Jne set of supply '.'Olt3ge 3nd Jrnund pins \Vee and GnrJ~ 15 provided 

tor :he er~.1b:e. sv:-.c!"'HO!""!!L,1t1on-::Jdt'r.g. ::ind outplit sections. and 8: 2parate set ('.9Vcc and G'·Gnd) :s PrDv•ded for the 

oscillator and ass,JCidt':~d frr~c;ue:1cv·csw1tro! c1r•:'J:~s 30 that etfect:••e ;soiation can be accomol!shed in the sysLer1. For 

1Jpe~-:ition cf freq'.....:r,nr::::~s y~eate,.. :han 10 ;\,1H2: t :s recommended ti:at two independent :;upplie'.) be used. !Jisabling 

~irher 1/CO ·Jf ~he 'LS62S 3nd 'LS627 ,::.an b8 3ChiA'.'ed by rerno· ... ing the Jpprooriate8Vcc. Ar. enabl~ inpwt :s provided 

Jr1 ~h,p i_S624 'LS626 LS628 3nd 'LS629 \Vhen rhe ~riab~e •nout is low the Qi..1tput :s enab!ed 1,\'hen the ~nab~e 

inout "3 h=·;1h, th'? r.tf7'rnal Gsc 1 !ldI.:Jr ~s di5abl~d. Y ;s high, and Z is !ow. C.Jutionl Crosstalk may occur ;n the dual devices 

1·LS625. -LS626, 'LSC .. ~7. an1:! 'LS629\ ·1vhen ':Joth \/CO's are operated simult3neously. 

The puise·'1vrichr 1JC:iLat!on·gat;cig ~.;cr;·(;n 2r;:;ures that the first output pulse is neither ::!ipped 0or ~xter.ded. The duty 

cycle of the souare- ... vave rnrput '5 f:xed _"lt 3pprox1r;iately 50 perce1~t. 

The Si,J54LS624 tl:ru SN54LS629 3rc ch2 1:2r:zed fo~ operat;on over the ~ull military temperature rarge of -55'.'.;C ~o 
125' C, :he SN7-+LS624 'hru SN74LS629 ire :;nare,:temerJ for operation from O':C to 7Q"C. 

schematics of inputs and outputs 

EQUIVALENT OF EACH 

ENABLE INPUT 
l'LS624. 'LS626, 'LS628, ANO 'LS629i 

EQUIVALENT OF EACH FREQUENCY 
CONTROL OR l'LS624, 'LS628, ANO 'LS629l 

RANGE INPUT 

v cc ------11>--

10 kn 
'.'JO!'/: 

''"Pu> ~.o '.n 

25 KH 

TYPICAL OF A,LL OUTPUTS .--, 

'SO n. NOM 

'JGMY 
~~.~~~_.__ __ _J 
absolute maximum ratings over operating free,air temperature range (unless otherwise noted) 

Suooly vo!~Jge, Vee lsee Metes 1 ar·d 2) 
lnput ~·oltage Ei1-.ioie :.-iput• 

Cr?~uency cont:oi or range inpul'" 

Ooerat!nq fre<? _-:;r ternµfrJt'Jre range· SN54LS' Circuits 

SN74LS' Circuits 

·1clt3ge ·.a~·,es a.·a ,·,.~.., •espect to '.he i1PP'ocriate ground ter,......,::1ai 

7V 

7V 

vcc 
-55'C to 125'c 

o-c ro 70 C 
-65- c to 1 50 c 

2 inrc._Jgr;:Ju~ d-,,, .. <dT3 5heet ·he syrnnol \t';:c "> ~sed for r!"le •,oi·nge 3apl·ec1 -::o botn '.he Vee 3nd 3 Vee :e•rri!rals ~-11ess 
·:JChe"N'Se '"'C'CS·j 

TEXAS INSTRUMENTS 
l"'"CORPORAfED 

Pr/ST QFFlCE SOX 22b0~7 • OAU .. AS TEl'.AS 75265 
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functional block diagram (positive logic) 

G 

C• <-----lf----1 .J1.11. 
FC 

RC 

EK 

-------.....,FC 

--~-~-~RC 

i'LS6Z4. 
'LS628, 
'LS629 only) 

EN 

logic symbols' 

'LS624 

osc vc:e 

1141 1ose Vee 

10SC GNCl 
SV 

1FC 
!OSCJ 

161 1ex1 
RNG y 

~Gt;> 1CX2 
FC FC 

181 
ex1 ex OV 2 

ex !OSC! 
1ose Vee 

CX2 
20Se GND 

111 
2Fe 

OSC GNO 2ex1 

2CX2 

'LS<'27 

I Gt> 
10SC Vee S V fOSCi 

lOSC GNO 0 V IOSe] 
161 E'N 1FC FC 1Y 

1ex1 ex RNG 

1CX2 ex FC 

CX1 

2osc vec CX2 

20SC GND RX 
(8! 

2Fe 2Y RX 

2CX1 

2ex2 

TYPES SN54LS624 THRU SN54LS629, 
SN74LS624 THRU SN74LS629 

VOLTAGE-CONTROLLED OSCILLATORS 

I 
__J 

'LS625 'LS62S 

osc vec 

!Cl> 
17: 

S V iOSC 
(Ji 

1Y 5V 
13f 

Q V lOSC! lOSC• 1EN 1Y 
121 FC Fe 1Z 1FC 'G > !2; 

ex 1ex~ ex 1Z 

ex 1CX2 ex 

i141 
2E1< 

f14~ 
2Y ~y 

2Fe 
1151 1151 

2Z 22 ov 
!DSC! 

'8J 

OSC GND 

'L.$628 'LS629 

ose vee 
osc vec 

<151 
114) 

, fN sv 
sv 1 RNG RNG IOSC! 

!OSei 171 
161 1 FC FC 1Y 

RNG y 
ex 

IG[> 
1CX1 

Fe ! G !> 1CX2 ex 181 
ex z 

2 fN 
ex 

2 RNG 
RX ov 1101 

2 FC 2V 
AX !OSC! 

2CX1 ov 
111 2CX2 IOSCi 

OSC GNO 181 

OSC GND 

TEXAS INSTRUMENTS 
l'<.0RPOR1'TEL> 
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®MOTOROLA 

16,384-BIT DYNAMIC RANDOM ACCESS MEMORY 

The MCM4116 " a 16,384 b,,, h'gh speed dynamic Random 
Access Memory designed for high-performance. low-cost applications 
in mainframe and butter memories and peripheral storage. Orgarnzed 
as 16,384 oni:·b1t word!:> and fabricated using Motorola's highly 
re!iable N-ct1apne! double-polysd icon technology, this device 
opt•m.zes speed, power, and density tradeoffs 

Sy multiplexing row and column address inputs, the MCM4116 
requires only seven addres5 lines and permits packaging in Motorola's 
standard 16-pin dual in-line packages. Thi; packaging technique 
allows high system density and is compatible with widely avail-

I able automated test and insertion equipment. Complete address 
decoding is done on chip with address latches inCorporated. 

All inputs are TTL compatible, and the output is 3-state TTL 
compatible The data output of the MCM4116 is controlled 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 incorporates a one-transistor cell design and 
dynamic storage techniques, with each of the 128 row addresses 
requiring a refresh cyde every 2 milliseconds. 

• Flexible Timing with Read-Modify-Write, RAS·Only Refresh, 

and Page-Mode Capability 

• Industry Standard 16-Pin Package 

• 16,384 X 1 Organization 

• ± 10% Tolerance on All Power Supplies .. All Inputs are Fully TTL Compatible 

• Three-State Fully TTL-Compatible Output 

• Common 110 Capability When Using "Early Write" Mode 

• On-Chip Latches for Addresses and Data In 

• Low Power Dissipation - 462 mW Active, 20 mW Standby {Maxi 

• Fast Access Time Options: 150 ns - MCM4116U5, C-15 

I 
200 ns - MCM4116L-20, C-20 

250 ns - MCM4116L·25, C-25 

300 ns - MCM4116L-30, C-30 

• Easy Upgrade from 16-Pin 4K RAMs 

• Pin Compatible with 2117, 2116, 6616, µPD416, and 4116 

ABSOLUTE MAXIMUM RATINGS 1s .. Note 11 

Retint Symbol Value Unit 

Voltage on Any Pin Relative to V BB Vin.Vout -0.S to +20 Vdc 

Operating Temperature Range TA 0 to +70 oc 
Storage Temper1tur• Ranoe T stg -65 to ... t50 oc 
Power DiSJipetion Po 1.0 w 
Data Out Current lout so mA 

NOTE 1 Permanent device demage may cc.cur if ABSOLUTE MAXIMUM RAT-

i 
INGS ¥e exceeded. Functtonel operation should be restricted to AECOM· 
MENDED OPERATING CONDITIONS. E:ll'.posure to hJgher than racotn· 

l mended "°lt-aies for extended periods of time could affect dwieo relillb1lity. 
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MCM4116 

MOS 
IN-CHANNEL l 

16,384-BJT DYNAMIC 
RANDOM ACCESS 

MEMORY 

Vee 

Don 

WATT 

~ 

AO 

A2 

Al 

voo 

A0-A6 
~ 
D,n 

~t 
AAS 
WRITE 

"'•• Vee 
lloo 
llss 

C SUFFIX 
FR!T·SEAL PACKAGE 

CASE 620 

PIN ASSIGNMENT 

.~ ,. V55 

2 [ ,,, CAs 

3 ( ,. 
Dout . ~ 13 AG 

5 ! 12 A) 

6 ! ,, A4 

, I 10 A5 

8 ( 9 vcc 

PIN NAMES 

Adi:freu lnpun 

Column Addrns Strobe 

O•ta In 
D•ta Out 
Ao""' Addrn1 Strobe 
Raad/Write Input 

Power (·-5 V) 

Pow.r l+5 Vl 
l'ower {+12 V) 

Ground 

This d~ice contains circuitry to protect the 
;nputs -oamst c:t.m11ge due to htgh 1tet1c wit­
.-, or e'ectflc f1Plds; however, 1t is M:lvited tha1 
norma! precautions bf taken to noid apphca-
1.on of any voltage higher then maximum rated 
llllOfteges to this tough impedance circuit. 



MCM4116 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
{Full operating voltage ond tempe..ature range unless otherwise noted.I 

RECOMMENDED OPERATING CONDITIONS 

P1ramet•r Symbol Min Typ Max Unit Not-s 

Supply Volt• Voo 10.8 12.0 13.2 Vdc 1 

Vee 4.5 5.0 5.5 Vdc 1, 2 

V55 0 0 0 Vdc 1 

Vn -4.5 -5.0 -5.5 Vdc 1 

Log;c 1 Voltage, RAS, eAS, WRITE V1~C 2.7 - 7 .0 Vdc 1 

Logic 1 Voltage, all inputs except AAS, CAS, WRITE V1H 2.4 - 7.0 Vdc 1 

Logic 0 Voltage, all inputs V1L -1.0 - 0.8 Vdc 1 

DC CHARACTERISTICS IVoo - 12 v. 10,,. Vee. $ 0 v . lO'>o. Vss -5 0 v . 10%. Vss. 0 v. TA. 0 w'10°C I 

Charact1tr1st1c Svmbol Mon Mn_.:..;_ Units. Notes 

Average Vo-o Power Supply Current 1001 - 35 mA. 4 

Vee Power Supply Current ice - - mA 5 

Average Vee Power Supply Current 'se1 ,3 - 200 "A 
Standby Vee Power Supply Current 1BB2 - 100 uA I 

Standby Voo Power Supply Current 1002 I - 1.5 mA 6 

Average Voo Power Supply Cur rent du1 ing 1DD3 - 27 mA 1 4 

··RAS only" cycles 

Input Leakage Current (any input) lt(Ll - 10 uA i l 
Output Leakage Current '01u - 10 uA l s. 7 I 
Output Logic 1 Voltage@ lout ~ -5 mA VQH 24 - I Vdc; 2 J 
Output L..091c 0 Vottage@ lout "4 2 mA VQL - 04 Voe. 

NOTESo 
All voltages referenced to Vss Vas must be aopl,ea before and removed af!e1 Other supply 1.01tages 

Output ... oitage wilt swing from Vss to Vee under open c•1cu;t co.,art1ons for pu•poses of ma1nta•n1ng data,., powf"r do,"n mo!1.,. Vee 
may be reduced to V55 w11ho,,;t affecting 1efresh. operations Vo H(m111) spec 1f1cat1on is not guaranteeo 1n this mode 

3 Se ... era1 cvcies arf' required after power·uP before p•oper device ooerat•on 1s acr-.,eved_ An11. 8 cycles wh•ch perform refresh are a'iH; .. ate 

4 Current •s proportional to cycle rate: maximum current is meas., red ar the fastest cycle rate 

5 lee depends upon 01.Jtput loadmg The Vee s.uppfy 1s corinected to the outpu1 but1er onP; 

6 Outo..it is disabled (opo;n-circu11) and ~AS and CAs are both at a fOg•c 1 

ovc;;;v 0 vt.;;;.+55V 1.l 1 
Capac•tance measured w•th a Boonton Meter or ef'ec1•"e capac.tance caiculated from tll~ eQuat1on C · ~ 

AS -------o; 
A•-------
A3 -------o; 
A2 -------o; 
Al --------

AO -------o; 

BLOCK DIAGRAM 

i2s 
Aow 

t..ines 
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-voo 
4---VCC 
-vss 
---------- Vas 

\-001;,•~io_j.-____ ~~~n ;n 
Buffer 

Oats 
Out 

Svffer 

Oummy Celts 

Mernorv Array 

____.. Data Out 
(Oout) 

128 - Sense - Refrnh A.mPI 

Dummy Cells 

64-Column 
Select Lines 

Column Oecodets 
1-of-6.t 

AO 



AC OPERATING CONDITIONS AND CHARACTERISTICS (See Notes 3, 9, 14) 
(Read, Write, and Read-Modify-Write Cycles) 

RECOMMENDED AC OPERATING CONDITIONS 
IVoo • 12V · 10% Vee. SOV · lC'lc V99. -50V. 10% Vss·OV. TA•Cto7C0c I 

Par•m•t•r Symbol Min Max Min Max Max Mon Max Units Not• 

Random Read or W~tte Cycle Time 

Aeces5 Time irom Ro'llo' Address Strobe 

Access Time from Column Address Strobe 

Output 8,.;tfe~ and Turn-0ff De!ay 

Row Addres5 Strobe Pre-charge Time 

Row Address Strobe Pu1se W+dth 

Column Address Strobe Pulse Width 

Row to Column Strobe Lead Time 

Row Address Setup Time 

Row Address Hold TimP 

Column Addiess Setup Ttme 

Column Add•ess Hold Time 

Column Attd•ess H;ild Time 

Rete'e'lct'd w RAS 

'RC 

tCAC 

!RP 

'CAS 

'RCD 

'ASA 

lRAH 

1ASC 

'AR 

375 375 

375 375 

150 

90 

0 40 0 

100 120 

150 10.000 200 

90 10,000 135 

20 60 25 

0 0 

20 25 

- 10 -10 

45 55 

105 120 

410 480 "' 
515 660 "' 

200 250 JOO ns 10, "12"1 
135 165 200 ns 11, 12 

50 0 60 0 60 ns 

150 180 ns 

10,000 250 10,000 300 10,000 ns 

10,000 165 10.000 200 10,000 ns 

65 35 85 60 100 ns 13 

0 0 ns 

35 60 ns 

-10 -10 "' 
75 100 ns 

160 200 ns 

Transition Time (Rise and F-alt) tT 3.0 35 3.0 50 3.0 50 3.0 SO ns 14 
Read Command ·s-;-,u-c---,,-m-,-------j_-i,-,-R-'C-S-l--0-1---1--o-+----.l.--o--+---+---0--+----1---+----l 

Read Command Ho~d T.mE. tRCH 0 0 0 

Write Commano Hu!d 1~....,f 

Wr•lf: Cornrr:a1d Hold Time 

Referenced to RAS 

1WCH 4', 55 75 

twcR 105 110 160 

100 

200 

Write Command Pulse Width twp 45 55 75 100 

ns 

ns 

-
ns V'hte Command to Row SttobP Lea::! Time lAWL 60 80 100 180 

Write Command to Colum·-n-St-,o-b<------+---',c"·W=L--11-6-0-l---l-8-0-+-·--+--l-0-0-+---4--1-8-0--1----+·-;-.,-+----J 

Lead Time 
1-D-a-tc-,n-s-.-,u-p_T_•_m_e _________ --+--·-,-D-S-+---O-+----+--O-+---+--O--l----l--C-+----l--ns-·--1-1-5_... 

1-o_a_t•_•_n_H_o_1o_T_•m_r ______ ~~--1--''J.<!;D1H'--+--=4~5--1----1--'s~s--1~--=~-+----+--1~0~0--1 __ 4_c.n~s-1---15=--i 
Data tn Hold Time Refere"ced to RAS toHR 105 120 160 200 ns 

i-,,,C=o=Ju~m_n_to_R_o_w_S_1,_0_b_e_P_,._c_ha_•~ge_T_•_m_e __ ..__..:•><'-'c1R~P--11--~20--11---1--~2~0-+----+----'2~0-+---+---=2~0--1----+-"°--+-··----i 
RAS Haid Time tRSH 100 135 165 200 ns 

Refresti Per 1od 'RFSH 2.0 2.0 2.G 20 ms 

WRITE Commaf'IC Setup Time twcs -20 -20 -20 -20 "' 
CAS to WRITE Delay -·---+--'"C'WuiVoc...D+-7-'0'-l---l-9.:.5;_+----1-1...:2--5--1----+-"18o;0--11---1-"..:'-1--l.:.6--1 
RAS to WRITE Delay 'RWP 120 160 210 280 ns 16 

CAS Prechar9e Time (Page mode cycle only I tcp 60 80 100 100 

Page Mode Cycle Time t~- 170 225 275 325 

CAS Hold Time tcsH 150 200 250 300 

NOTES lcont1nued) 

9 AC measun•ments assume tT "' 5,0 ns. 

10. Assumes that lRCD + tT .._ lfiCD (mu! 

11. Assumes that tRCD + tT ~ t RCO (maa.l 

Parame1er 

lnpu; Capacitance (AO-AS), D1n 

Input Ca;.ac1tance RAS, CAS. WRITE 

Output Capacitance tDout) 

12. Measured with a load circuit equn1alent to 2 TTL loads and 100 pF. 

Symbol 

C11 

C12 

Co 

Tvp 

40 

8.0 

50 

Max 

5.0 

10 

7.0 

Units 

pF 

pF 

pF 

"'· 
ns 

Notei 

9 

9 

1. 9 

13 Operanon lr'Within the tRCO (ma-.J l1m1t ensures tha1 lRAC {max) can be met. tRCD {ma•! 1s specified 1s1 reference point only, tf tRCO 
is greater than the specifted tRCD (max) limit, then aceess tune it controlled exclustYely by tCAC· 

14. V1HC (min) or V1H tmin) and V1L (maJ:.) a•e reference leve1s for measuring timing of input signals. Also, trans1st1on t1me1 are musured 

bet1Neen V1HC or V1H 1nd VIL· 

15. These parameters are referenced to CAS leading ed~E> in random wnte cycles and to WRITE \eachng edge ir. delayed write or read~odify-

write cycle$. 

16. twcs, tcwo and t RWD are not restqct1ve operilting paranwten. They· are i~lvded in the data 1h~ es electrGI characteristics only. If 
twCS ;;.o twcs (mrnl. the cycle 1s an early write- cycle and the data out pin wit! remain open circuit Chigh impedance) t:hroughout the 

entire cvcte: If tcwo > tcwo lminl and tRWO > 'RWD (min). the cycle is 1 rUO-\>\l'rite cycle and the data 01.1t will contain dla read from 
the sele<:ted cell; It neither of the above sen of concilt1ons 15 s.atisfied tt\e condition ot the data out tat access time) is indetermi,.te 
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AEAO CYCLE TIMING 

.... ----------·--- tAC -----------· 

~ 
Vu-1c-

VIL-

C"AS VIHC-

VIL-

-----·-----'<:SH+---------<~ 

--~..,..~---1_. 'RS H ------t<I .. 
'RCD I 

-----------..... -~ M.------ tcAS ------<"" ,---<F-----------..1 

I 

ADDRESSES 
V11-1-

VIL-

j 
WliTfE V1HC-

VIL-

Dout 
VoH-

VoL-

WRITE CYCLE TIMING 

..-------------'RC ---------------11~ 

ADDRESSES 

Din 

Dout 
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MCM4116 

READ·WRITE/REAO~ODIFY.WRITE CYCLE 

V1H-
ADD PESSES 

V1HC-J'J<:A7'7'VtJ':'<:JC>V:r::':~r-~~~:--~~~~~~~~~~~--,t 

VIL- ,~·,Mv"~"v.,•v. 

RAS ONLY REFRESH TIMING 

Note: CAS • VtHC· WRTfE" • Don't C•r• 

VoH-
Dout ~~~~~~~~~~~~~~~~- HiZ ~~~~~~~~~~~~~~~~~~~-

1 4 1 



PAGE MODE READ CYCLE 

Dout 

V1HC 

VIL 

I 
I 

~~-~---1(.;---• -~-..,,.....~~CH ~ 

PAGE MOOE WRITE CYCLE 
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MCM4116 

MCM4116 BIT ADDRESS MAP 

Row Address A6 A5 A4 A3 A2 A 1 AO 

Co1urnn Addrns A6 A5 A4 A3 A2 A 1 AO 

Flowio 

D 
.-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~He> Dec A6A5A4A;!A?A1 AO 

7F , 27 l 1 , 1 , 1 

~ 0 "'- potent•~I well filled 1 = potent1011I we!; f1ne<J 

0 with electrons with electrons 
u 

OB 0 0 0 1 0 0 0 

07 0 0 0 0 1 

06 0 0 0 0 1 1 0 

05 0 0 0 0 1 0 1 

04 0 0 0 0 1 0 0 

0 0 " M .. "' "' ~ "' 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 G3 0 0 0 0 0 1 

02 0 0 0 c 0 1 0 

0 0 " M .. "' :!5 ~ "' ~ 01 0 0 0 0 0 0 1 
0 8 0 0 0 0 0 ~ 

g g g 0 g 0 0 0 0 
0 0 0 0 0 

00 0 0 0 0 0 0 0 0 

. g "' "' ~ "' :!5 ~ ~ . \; 0 ;:: . 0 :t 0 0 0 0 .. 
~ 0 M .. 

" 
i 

C1 "' "' 
0 0 0 0 0 0 0 

~ .. 
" :;; 0 0 0 .. 
i " 0 0 .. 
0 .., a: 

" 
0 0 0 0 0 0 0 .. 0 

" .. 0 0 0 0 0 0 0 .. 
"' 0 0 0 0 0 0 0 .. 
0Pin16 
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MPUl 31 (SILICON) 

thru 

MPU133 

SILICON PROGRAMMABLE 
UNIJUNCTION TRANSISTORS 

designed to enable the engineer to "program" unijunction 
characteristics such as Rss. 1). Iv. and Ip by merely selecting two 
resistor values. Application includes thyristor-trigger.oscillator. pulse 
and timing circuits. The MPU131, MPU132 and MPU133 may also 
be used in special thyristor applications due to the availability of an 
anode gate. Supplied in an inexpens:·1e T0-92 plastic package for 
high-volume requirements, this package i·s readily adaptable for use in 
automatic insertion equipment. 

• Plogrammable - Rss. 1/, Iv and Ip. 

• Low On-State Voltage-· 1.5 Volts Maximum<@ If 0 50 mA 

• Low Gate to Anode Leakage Current -- 5.0 nA Maximum 

• High Peak Output Voltage - 11 Volts Typical 

• Low Offset Voltage - 0.35 Volt Typical (RG = 10 k ohms) 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Power Dissipation PF 375 mW 
Oerate Above 25°c 118 ..IA_ 50 mWt°C 

DC Forward Anode Current IT 200 mA 
Oerate Above 2s0 c 2.67 mA/oC 

DC Gate Current IG ±.20 mA 

Repetitive Peak Forward Current 'TAM 
100 µs Pulse Width, 1.0% Duty Cycle 1.0 Amp 

20 µ.s Pulse Width, 1.0% Du.!Y.. ~le 2.0 Amp 

Non-Repetitive Peak Forward Current ITSM 5.0 Amp 
10 µ.s Pulse Width 

Gate to CathOde Forward Voltage ~KF 40 Volt 

Gate to Cathode Ae\ferse Voltage ~KA 5.0 Volt 

Gate to Anode Reverse Voltage VGAR 40 Volt 

Anode to Cathode Voltage VAK ±40 Volt 

Operating Junction Temperature Range TJ -50 to +100 oc 
Storage Temperature Range Tug -65 to +150 oc 

SILICON 
PROGRAMMABLE UNIJUNCTION 

TRANSISTORS 

40 VOLTS 
37SmW 

SEATINGr-~. ~ PLANE K 

_J 
STYLE m D.:::llf-'f-\- L 

PIN 1. CATHODE L_'.J L 
2. GATE 

3. ANOOJ_W'E / .. M 

DIM 
c 
D 
E 
G 
J 
K 
L 
M 

Ill 
,---· 0 

G J I 

Ml LLIMETEAS INCHES 
MIN IMAX MIN J MAX 
4.4~ 4.700 0 ill J 0.185 
o.401 I @2 O.D16 J 0.019 

5° NOM 5° NOM 
1.150J: 1.390 0.045 I o.o5s 
2160 .:rm- UOlll I om 

12.700 l - o soo I -
1.270 TP 0.050 TP 

0.016 I iu;io 0.00J 0.013 

CASE 29-01 



MPU131, MPU132, MPU133 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 
Ch•racteriaic F9guni Symbol Min 

Peak Current MPU131 2.9-14 Ip -
IV~= 10 Vdc. AG= 1.0 Mn> MPU132 -

MPU133 -
(V5 = 10 Vdc, AG = 10 k ohms) MPU131 -

MPU132 -
MPU133 

Offset Voltage MPU131 1 VT 0.2 

IVs= 10 Vdc, AG= 1.0 Mn! MPU132 0.2 
MPU133 0.2 

IVs= 10 Vdc, AG == 10 k ohms) (All Types) 0.2 

Valley Curref"t 1,4,5, IV 
(Vs= 10 Vdc, AG= 1 0 M!ll MPU131, 132 -

MPU133 -
(Vs= 10 Vdc, AG= 10 k ohms! MPU131 70 

MPU132, 133 50 

Gat(-' to Ar'lode Leal.::q Current IGAO 
<Vs 00 40 Vdc, TA"' 2s0c, Cathode Open) -
IVs= 40 Vdc. TA = 75°c. Cathode Open) -

Gate to Cathode Leakage Current - IGKS -
!Vs=- 40 Vdc, Anode to Cathode Shorted) 

Forward Voltage (IF=- 50 mA Peak) 1,6 VF -
Peak Output Voltage 3,7 Vo 6.0 

IVs= 20 Vdc, Cc= 0.2 µF! 

Pulse Voltage Rise Time 3 1, -
(Vs= 20 Vdc, Cc= 02 µFi 

FIGURE 1 - ELECTRICAL CHARACTERIZATION 

R2 
Rt 

-VS"' Rf7R2 VB 

Rl 

1A PROGRAMMABLE UNIJUNCTION 
WITh "PROGRAM" RESISTORS 
Rl and R2 

1B -- EQUIVALEN1 TEST CIRCUIT FOR 
FIGURE 1 A USED FOR ELECTRICAL 
CHAR ACTE RIST! CS TESTING 

IALSO SH FIGURE 2) 

Typ Mu Uni1 

1.25 2.0 µA 

0.19 0.30 

0.08 0.15 

4.0 5.0 

1.20 2.0 

0.70 1.0 

0.70 1.6 Volts 

0.50 0.6 

0.40 0.6 ( 

0.35 0.6 

µA 
18 50 
18 25 
270 -
270 -

-~ 

10 5.0 
30 75 

5.0 50 nAdc 

0.8 1.5 Vc!ts 

11 - Volts 

40 80 ns 

IGAO 

lC - ELECTRICAL CHARACTERISTICS 

FIGURE 2 - PEAK CURRENT (Ip) TEST CIRCUIT FIGURE 3 - V0 AND 1, TEST CIRCUIT 

ADJUST 11){) > 
FDR -=- 10\; 

TURN-ON ;r -
THRESHOLD I 

lp(SENSEI 
100 sN = 1.0 nA 

PUT 
20 UNDER 

TEST 

510 ~ 
16k 
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®MOTOROLA 

QUAD LINE DRIVER 

The MCl 488 is a monolithic Quad line driver designed to inter­
face data terminal eQuipment with data communications eQuipment 
in conformance with the specifications of E IA Standard No. RS·232C. 

Features: 

• Current Limited Outpu• 
±10 mA typ 

• Power-Off Source Impedance 
300 Ohms min · 

• Simple Slew Rate Control with External Capacitor 

• Flexible Operating Supply Range 

• Compatible with All Motorola MOTL and MTTL Logic Families 

TYPICAL APPLICATION 

LINE DRIVER l~'TEP.CONNi::Cll'>:G LINE RECEIVER 

-:f-:~h_____l__r{j'._-,D-
'---'~ ~ -L __ / 

I tNHRCONNlCllNG 
MOH LOGIC 1NPUT ----~ CABLE ~MCTL LOGIC OUTPUT 

CIRCUIT SCHEMATIC 
(1140F CIRCUIT SHOWN! 

PINS4 9. 12 OR 2 
lt\IPUT 

INPUT 
PINSfl 1013 

ON07~ 

8.2' 

70 

... 
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70 

MC1488 

QUAD MOTL LINE DRIVER 
RS-232C 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 632 CASE 646 
T0·116 

Pl N CONNECTIONS 

300 
OUTPUT 

PINS6.8 11 OR 3 



MC1488 

APPLICATIONS INFORMATION 

The Electronic Industries Association {E!Al has released the 
RS232C specif1cat1on detailing the requirements for the interface 
between data processing equipment and data communicat1ons 
equipment. This standard specifies not only the number and type 
of interface learis. but also the vortage levels to be used The 
MC1488 quad dnver and its companion circuit. the MC1489 
quad receiver, provide a complete interface system between DTL 
or TTL logic levels and the RS232C defined levels The RS232C 
requirements as applied to drivers are discussed herein. 

The required driver voltages are defined as between 5 and 15-
volts in magnitude and are positive for a logic "O" and negatrve for 
a logic "1" These voltages are so defined when the drivers are 
terminated with a 3000 to 7000-ohm resistor. The MC1488 meets 
this voltage requirerr1ent by convening a DTL/TTL logic level into 
RS232C levels w1rh one stage of inversion 

The RS232C specd1cat1on further requires that during trar.s1 
t1ons, the driver output slevv rate must not exceed 30 volg per 
microsecond. The 1r,herent slew rate of the MC 1488 is much too 

1000 

FIGURE 12 .=SLEW RATE versus CAPACITANCE 

FOR lsc = 10 mA 

t I 
,I I 11 

~ 100 

0 
~3(1V1;i.~ 

2'. IL 

10 

1 0 
1.0 

I ,,, 

LI I 
I' I 

l I'! I I 

i1I 
10 

I [Lj I ,, 
I I 

I I !T1i I 

::rttlf 333pF -:r JI ' ' 
lTITif I H1llli l 

100 1000 10.000 

C. CAPACITANCE tpF) 

fast for this requirement The current limited output of the device 
can be used to control thrs slew rate by connecting a capacitor to 
each driver 01.nput. The required capacitor can be easily determined 
by using the relationship C = IQS x .ti.TI~ V from which Figure 12 ts 

derived Accordingly, a 330-pF capacitor on each output will 
guarantee a worst case slew rate of 30 volts per microsecond. 

The interface driver 1s also required to withstand an accidental 
short to any other conductor 1n an interconnecting cable. The worst 
possible signal on any conductor would be another driver using a 
plus or minus 15·volt, 500-mA source. The MC1488 is designed to 
indefinitely withstand such a short to all four outputs ma package 
as long as the pJwer-supply voltages are greater than 9.0 volts ~r.e., 
Vcc~9.0 V; VeE~-9.0 V) In some power-supply designs. a loss 
of system power causes a low impedance on the power-supply out­
puts. When this occurs. a low impedance to ground would exist at 
the Power inputs to the MC1488 effectively shorting the 300-ohm 
output resistors to ground. If all four outputs were then shorted 
to plus or minus 15 volts, the power dissipation m these resistors 

FIGURE 13 - POWER-SUPPLY PROTECTION 
TO MEET POWER-OFF FAULT CONDITIONS 

.___,..,.__ __ ,.__ _______ - - - - - -- - -..- ----
vee ~14 

r---L..-- .. 
I Me1488 ; 
I ~-.,·.... I 

0-1-~ .~-o 
I L---

0-~ ... - - .. , I 

I ' 0-+ -0 
0-j "'i,., __ ,..1 I 

I I 
0--t·J··- .. , I 

I ~ 0-.1--0 
0-1-1.. •• - .. · I 

0-~-.r--- ' : 
r i .o-.~-'O 

0-'1- ~---.- I 
I I 

>;--r- .J 

7~ 91 
VEE ---- ' ......... ._ __ ,._ ________________ -__ . _ -- -

w.:.uid be excessive Therefore, if the sys.terr. rs designed to permit 
low impedances to ground at the power-supplies of the drivers. a 
diode should be placed in each power-supply lead to prevent over· 
heating m this fault condition These two diodes, as shown iri 
Figure 13. could be used to decouple all the driver packages tn a 
system. {These same diodes will allow the MC1488 to withstand 
momentary shorts to the i25·volt l1m1ts specified m the earlier 
Standard RS232B.l The add1t1or of the diode~ a!s.o permits the 
MC1488 to withstand faults with power-5upplies of tess than the 
9.0 volts stated above 

The maximum short-c1rru1t current allowable under fault con· 
d~t1ons rs more than guarar.teed by the previously mentioned 
10 mA output currfnt limiting. 

Other Applications 

The MC1488 is an extremely versatile lme driver with a myriad 
of possible applications Several features of the drivers enhance 
this versatility 

1. Output Current Limiting - this enables the circuit designer 
to define the output voltage levels independent of power·suppl1es 
and can be accomp!tshed by diode clamping of the output pins 
Figure 14 shows the MC1488 used as a DTL to MOS translator 
where the h1gh·leve! voltage output 1s clamped one diode above 
ground The resistor d1111der shown 1s used to reduce the output 
voltage below the 300 mV above ground MOS input level l1m1t. 

2 Power·Supply Range - as can be seen from the schematic 
drawing of the drivers, the posif,ve and negative driving elements 
of the device are essentially independent and do not require match· 
mg power-supplies. In fact, the positive supply can vary from a 
minimum seven volts (required for driving the negative putldO\Nn 
section) to the maximum specified 15 volts. The negative supply 
can vary from approximately -2 5 volts to the minimum specified 
-15 volts. The MC1488 will drive the output to within 2 volts of 
the positive or negative supplies as long as the current output limits 
are not exceeded The combination of the c:urrent·llm1ting and 
supply-voltage features allow a wide combination of possible out· 
puts within the same quad packilge. Thus 1f only a portion of the 
four drivers are used for driving RS232C lines, the remainder could 
be used for DTL to MOS or even DTL to OTL translation. Figure 15 
shows one such combination. 



®MOTOROLA 

QUAD LINE RECEIVERS 

The MC 1489 monolithic quad line receivers are designed to inter· 
face data terminal equipment with data communications equipment 
in conformance with the specifications of EIA Standard No. RS-232C. 

• Input Resistance - 3.0 k to 7 .O kilohms 

• Input Signal Range - ±.30 Volts 

• Input Threshold Hysteresis Built In 

• Response Control 
a) Logie Threshold Shitting 
b) Input Noise Filtering 

LIN~ DRIVER 

MC1488 

...r--, 
-l 
L__ -/ 

TYPICAL APPLICATION 

INTERCONNECTING 
CABLE 

LINE RECEIVER 
MC1489 

I INTERC~NNECTING I 
MOTL LOGIC INPUT~ CABLE -t--- MOTL LOGIC OUTPUT 

I I 

MC1489L 
MC1489AL 

QUAD MOTL 
LINE RECEIVERS 

RS-232C 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

--( 
'': ·. l ,. 

l SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 632 CASE 646 
T0-116 

lnPutA 1 

c~~:r~~: 2 

12 Response 
Control O 

CIRCUIT SCHEMATIC (114 OF. CIRCUIT SHOWN) 

" .-----...-----..-----<> •cc 

9k 1.h 

•• 
RESPONSE CONTROL 2 0-----------+----Y..--+-----6 --------<> 3 OUTPUT 

3.SS k 
INPUT 1 0---A----+------+----1 

10k 

MC1489 1 MC1489A 
RF 10 lo.~; 2 .!!!..__j ~----,._ ____ ,._ ____ ..,_ ____ .,._ ____ .07GROUND 
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MC1489L, MC1489AL 

APPLICATIONS INFORMATION 

General lnfonnation 

The Electronic Industries Association lE IAJ has released the RS·232C 
specd1cat1on detailing the requirements for the mterface between 
data proceumg equipment and data commumca11ons eQutpment. 
This standard specifies not only the number and type of interface 
leads, but alSO the voltage levels to be used. The MC1488 quad 
driver and its companion circuit, the MC1489 quad receiver. 
provide a complete interface system bet~een DTL or TTL logic 
levels and the RS·232C defined levels. The RS-232C requirements 
as apohed to receivers are discussed herem. 

The reQu1red input lmpedance is def med as between 3000 ohms 
and 7000 ohms for input v~ltages ~tween 3.0 and 25 volts in 

magnitude~ and an\' voltage on the recen1er mput 1n an open circuit 
cond1t1on must be less than 2.Q vo1u m magnitude The MC1489 
c1rcut1s meet these requirements with a maM1mum open c1rcu1t volt­
age of one Vse CRef. Sect. 2.41. 

The receiver shall detect a voltage between -J.~ and -25 volts 
as a logic .. , .. and 1r.p:.1ts between +3.0 and '*25 volts as a logic "O" 
(Ref. Sect 2.JL On some mterchange leads. an· open circwt or 
power .. OFF .. condition (JOO ohms or more to ground! shall be 
decoded as an "OFF" cond1t1on or tog1c ··1" IRef. Sect. 2.51. For 
th•s reason, the mput hysteresis thresholds. of the MC 1489 circuits 
are all above ground Thus an open or grounded input will cause 
the same output as a negative or logic ··1" input. 

Device Characteristics 
The MC1489 interface receivers have mterna! feedback from the 
second stage to the input stage prov1dmg mput hysteresis for noise 

FIGURE 12 - TURN-ON THRESHOLD versus CAPACITANCE 
FROM RESPONSE CONTROL PIN TO GND 

I 

----1 
10 11111 1000 10,000 

PW, INPUT PULS£ WIDTH lml 

rejection. The MC1489 input has typical turn.on vo1tage of 1.25 
volts •nd turn-off of 1.0 volt for a typical hysteresis of 250 mV. 
The MC1489A has typical turn-on of 1.95 wits and turn-off of 
0.8 volt for typically 1.15 volts of hysteresis. 

Each receiver section has an exterfliJI response control node m 
adchtion to the mput and output pins. thereby allowing the design­
er to vary the input threshold voltage levels. A resistor can be 
connected between this node and an external power-supply. F l9-
ures 6, 8 and 9 illustrate the input threshoid voltage shift possible 
through this techneque. 

This response node can also be usc-d -:.:,, t~e filtering of htgh· 
frequency. hagh-er.ergy noise pulses Ftgures 12 and 13 show 
typ1ec1I no•se·pulse re1ect1on for external capacitors of various sizes 

These t.NO operations on the response node can be combined 
or used mdiv1dually fo.- many combmations of mterfac1ng apph· 
cations The MC1489 circuits arepar11cularli useful for mterfac.ng 
between MOS c:!!'"cuits and MDTL/MTTL logic systems. tn this 
application, the input threshold voltages are adiusted (with the 
appropriate supply and resistor valuesi to fall m the center of rhe 
MOS voltage logic levels. (See F 1gure 141 

The resPonW. _node rnav also be used as the receiver input as 
long as the des.gner realizes that he rnav not drive this node with 
a low impedance source to a voltage greater than one diode above 
ground or less than one dw>de below ground. This feature ts 
demonstrated "' F .gure 15 where two receivers are slaved to the 
same lme that must still meet the RS·232C impedance requirement. 
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FIGURE 13 - TURN-ON THRESHOLD .. ,.,, CAPACITANCE 
FROM RESPONSE CONTROL PIN TO GND 
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p-channel JFETs .H 
Siliconix 

designed for Perfonnance Curves PS • • • See Section 5 

• Analog Switches BENEFITS 

• Low Cost 

• Choppers • Simplifies Series-Shunt Switching when 
when Combined with J113, its N-Chan-

Commutators 
Channel Complement • • Low Insertion Loss 

Ros(onl < 85 n (J174) 

• No Offset or Error Voltages Generated 
by Closed Switch 

Purely Resistive 
High Isolation Resistance from Driver 

• Short Sample and Hold Aperture Time 
Csg(off) < 5.5 pF 
Cdg(off) < 5.5 pF 

ABSOLUTE MAXIMUM RATINGS (25°C) • Fast Switching 

Gate-Drain or Gate-Source Voltage (Note 1) ......... 30V td(on)+ tr= 7 ns Typical 

Gate Current ............................... 50 mA T0-92 

' 
Total Device Dissipation at 25°C Ambient See Section 7 

(Derate 3.27 mW/°C) ...................... 360 mW 

·~: ·o Operating Temperature Range ............. -55 to 135°C 0 D 

Storage Temperature Range ............... -55 to 150°C D D 

Lead Temperature Range 8ottom View 

(1/16" from case for 10 seconds) .............. 300°C :f) s ~ D 
S D G G 

s D 

ELECTRICAL CHARACTERISTICS (25°C uniess otherwise noted) BonOfnV-

(·18) 

J174 J175 J176 J177 
Characteristics Unit T nt Conditions 

Min Typ M .. Min Typ Max Min Typ Max Min Typ Max 

1 IGSS Gate Reverse Current 1 1 1 1 nA Vos 0 o. VGS 0 20 v (Note 2) 
I-

Gate-Source Cutoff 2 VGSloffJ 5 10 3 6 1 4 0.8 2.25 Vos=-1sv,1 0 "'-1DnA 

I- s 
Voltage v 

3 T 8VGSS 
Gate-Source Breakdown 30 30 30 30 Vos·O.IG 0 1 µA 

1-A 
Voltage 

4 T ioss 
Saturation Drain Current -20 -100 -7 ·60 -2 -25 -1.5 -20 mA Vos· -15V.VGs·O 

I (Note 3) 
1-c 

Drain Cutoff Current 
5 IO(offJ {Note 2J 

-1 ·1 -1 -1 nA Vos·-15V.VGS" IOV 

1-
Drain-Source ON 6 ros{on) Resistance 85 125 250 300 ll VGs·a. Vos•-0.1 v 

7 Cdg(offl 
Orain·Gate OFF 5.5 5.5 5.5 5.5 
Capacitance 

I- Vos" 0. VGS" 10 v 
8 Csg(offl 

Source-Gate OFF 5.5 55 5.5 5.5 
Capacitance 

1-o 
Ctloion) 

pf f = 1 MHz 

9 y Drain-Gate Plus Source-
+ Gate ON Capacitance 32 32 32 32 Vos. VGS" 0 

N Csg(on) 
I-A 

10 M ld(on) Turn On Delay Time 2 5 15 20 
I- I 

Switching Time Tfit Conditions 

11 c ,, Rise Time s 10 20 25 J174 J175 J176 J177 
J-

"' 
Voo -1av -6 v -6 v -6 v 

12 ld(offJ Turn Off Delay Time 5 10 15 2a VGS(off) 12 v av 6V JV 

1- AL 660ll 1.2 K!l 5.6 Kil 1aKH 

13 tf Fall Time 1a 20 20 25 VGS(onl ov ov av av 

NOTESo 2. Approximately doubles for every l0°C increase in TA. PS 
1. Geometry ts symmetrical Units may be openned with source and drain loris interchanged. 3. Pulse test duration = 300 µs; duty cycle c;;: 3% 

C> 1979 Siliconix incorporated 
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COLOR TV VIDEO MODULATOR 

... an integrated circuit used to generate an RF TV signal from 
baseband color-difference and luminance signals. 

The MC1372 contains a chroma subcarrier oscillator, lead and lag 
network, a quasi·quadrature suppressed carrier DSB chroma modula­
tor, an RF oscillator and modulator, and a TTL compatible clock 
driver with adjustable duty cycle. 

The MC1372 is a companion part to the MC6847 Video Display 
Generator, providing and accepting the correct de interconnection 
levels. This device may also be used as a general-purpose modulator 
with a variety of video signal generating devices such as video games, 

test equipment, video tape recorders, etc. 

MC1372 

,-----------~--·~-. 
COLOR TV 

VIDEO 
MODULATOR CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

.~ .1lf\I~ ~ ~ ~ P SUFFIX 

PLASTIC PACl(A.<lt 

CASE 6.41 

.. , 

I 
I • Single 5.0 Vdc Supply Operation for NMOS ~---------------- ... 

and TTL Compatibility 
Pin Connections 

• Minimal External Components 

• Compatible with MC684 7 Video Displav Generator 

• Sound Carrier Addition Capability 

• Modula7es Channel 3 or 4 Carrier with Encoded Video Signal 

Clock 
Output 

Oscillator 
Input 

• Low Power Dissipation 

• Linear Chroma Modulators for High Versatility 

• Composite Video Signal Generation Capability 

• Ground-Referenced Video Prevents Overmodulation 

Duty Cycle 
Ad1 

Color B 
Input 

Color Raf 
Input 

Color A 
Jnput 

ChrOtn•r'I•""'• 
lnpvt 

Lumin•no:• 
lr'lput 

Ch~ome 

Modul•'or 
Output 

~:uuRE 1 - BLOCK DIAGRAM 

Vee 
11 

Chrominanc• 
Oscillator 

and 
Clock 

Oriv•r 

Outv Cycle 
Adjust 

Cc:>lor 8 
Input 

Luminance 

Input 

AF 
Moduletor 

Output 

12 

Chrominanc• 
Input 

•---+-----+-G Modu1uor 
Output 

RF Tank 
Color A Color 
Input Reference 

Input 
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MC1372 

MAXIMUM RA TINGS IT A· 25°C unless otherwd<! noted! 

Rating Volue Unit 
Supply Voltage 8.0 Vdc 
Operating Ambient Temperature Range Oto+70 Oc 

Storage Temperatu.re Range -65to +150 oc 

Junction Temperature ISO Oc 

Power Dissipation. Package 1.25 Wans 
Derate above 2s0 c 13 mwt°c 

RECOMMENDED OPERATING CONDITIONS 
Supply Voltage 5.0 Vdc 
Luma Input Voltage - Sync Tip 1.0 Vdc 

Peek White 0.35 

Color Reference Voltage 1.5 Vdc 

Color A, B Input Voltage Range 1.0to2.0 V<lc 

ELECTRICAL CHARACTERISTICS (Vee: +5 Vac. TA• 25°c. Test Ciocuit 1 unless otherw"e noted! 

Characteristic Min Typ Mox Unit 

Operating Supply Voltage 4.75 5.0 5.25 Volts 

Supply Current 25 mA 

CHROMA OSCILLATOR/CLOCK DRIVER (Measured et Pin 1 unless otherwt5e noted) 

Output Voltage (Voll - - 0.4 Vdc 

IVoHI 2.4 - -
Rise Time (Vl = 0.4 to 2.4 Vdcl - - so ns 

Fall Time (V1 = 2.4 to 0.4Vdc> -· 50 ns 
Duty Cycle Adjustment Range (V3 "'5.0 Vdcl 70 - 30 'lb 

(Measured at Vl ,,._ 1.4 VJ 

Inherent Duty Cycle (No connection to Pin 3} - 50 - 'lb .. 
CHS:COMA MODULATOR {VS "' V6 "' V1 "" 1 5 Vdc unless otherw1$e noted) 

Input Common Mode Voltage Range fPins 5, 6, 7) OB - 2.3 Vdc 

I Osc1flatcr Feedthrough (Measured at Pin 8) - 15 31 mV(p-pl 

Modulation Angle (98(V7 = 2.0 Vdd - 98{V5 .. 2.0 Vdc)J 85 100 115 degrees 

Conversion Gain {V8f(V7 - V6); V8!(V5 - V6Jl - 0.6 - V(p.pllVdc 

Input Current (Pins 5. 6, 7) - - -20 µA 

Input Resistance (Pins 5, 6, 7J 100 - - •n 
Input Capacitance (Pins 5, 6. 71 - - 5.0 pF 

Chroma Modulator Linearity - 4.0 - 'lb 
(V5 • 1.0 to 2.0 V; V7 • 1.0 to 2.0 Vl 

RF MODULATOR 

Luma Input Dynamic Range (Prn 9, Test Circuit 2} 0 - 1.5 Volts 

RF Output Voltage (f = 67.25 MHz, V9'"' 1.0 VI - 15 - mVrms 

Luma Conversion Gain 
{AV12/AV9; V9"" 0.1to1.0 Vdc) Test Circuit 2 - DB - VIV 

Chroma Conversion Gain VIV 
(AV12/AV10; VlO"" 1.5 Vp-p; V9 =-1.0 VdcJ Test Circuit 2 - 0.95 -

Chroma Linearity (Pin 12, VlO'"' 1.5 Vp..p) Test Circuit 2 - 1.0 - "' Luma Linearity (Pin 1 '2, V9 """Oto 1.5 Vdc) Test Circuit 2 - 2.0 - 'lb 

Input Current (Pin 9) - - -20 µA 

Input Resistance (Pin 10) - 800 - n 
lnpyt Resistance (Pin 9) 100 - - •n 
lnPUt Capacitance (Pins 9, 10) - - 5.0 ...ef 
Residual 920 kHz (Measured at Pin 121SeeNote1 - 50 - dB 

Output Current (Pin 12, V9 '""O V) Test Circuit 2 - 1.0 - mA 

TEMPERATURE CHARACTERISTICS IV • 5 Vdc. T • D to 7o"C. IC only) 

Chroma Oscillator Deviation tf0 • 3.579545 MHz} Hz 

RF_Qscillator Deviation tf0 2 67.25 MHz} kHz 

Cfock Drive Duty Cycle Stabll itv 15.0 

NOTE 1. V9 - 1.0 Vdc, Ve. 300 mV(p.pJ. 3.58 MHz. 

Vs• 250 mV(p-p) • 4.5 MHz. Source I-• 75 fl. 
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FIGURE 4 - SCHEMATIC DIAGRAM 
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MC1372 

OPERATIONAL DESCRIPTION 

Pin 1 - Clock Output 
Provides a rectangular pulse output waveform with 

frequency equal 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· 
pied to this pin. 

Pin 3 - Duty Cyde Adjust 
A de voltage applied to this pin adjusts the duty cycle 

of the clock output signal. If the pin is left unconnected, 
the duty cycle is approximately 50%. 

Pin 4 - Ground 

Pin 5 - Color B Input 
De coupled input to Chroma Modulator e. 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 Voltage at Pin 6. 

Pin 6 - Color Reference Input 
The de voltage applied to this pin establishes the 

reference voltage to which Color A and Color e inputs 
are compared. 

Pin 7 - Color A Input 
De coupled input to Chroma Modulator A, whose 

phase lags modulator e by approximately 100°. The 
modulator output amplitude and polaritY correspond to 
the ·voltal!8 difference between this pin and the Color 
Reference Voltage at Pin 6. 

Pin 8 - Chroma Modulator Output 
Low impedance (emitter follower) output which 

provides the vectorial sum of chroma modulators A 
and e. 

Pin 9 - Luminance Input 
Input to RF modulator. This pin accepts a de coupled 

luminance and sync signal. The amplitude of the RF signal 
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 - Chromin- Input 
Input to the RF modulator. This pin accepts ac coupled 

chrominance provided by the Chroma Modulator Output 
(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 
obtained by the addition of external series resistance 
to pin 10. 

Pin 11-Vcc 
Positive supply voltage 

Pin 12- RF Modulator Output 
Common collector of output modulator stage. Output 

impedance and stage gain may be selected by choice of 
resistor connected between this pin and de 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 de resistance shunt. Applying a de offset 
voltage between these pins results in baseband composite 
video at the RF Modulator Output. 

MC1372 CIRCUIT DESCRIPTION 

The chrominance oscillator and clock driver consist of 
emitter follower 04 and inverting amplifier 05. Signal 
presented at clock driver output pin 1 is coupled to 
oscillator input pin 2 through ar. 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 de component at pin 1 internally 
coupled through R 12 to the base of 04. As pin 1 de 
voltage increases, a smaller portion of the sinusoidal 
feedback signal at pin 2 exceeds the 04 base voltage of 
two times Vee required for conduction. As the de level 
is reduced, device 04 and thus 05 is turned on for a 
longer percentage of the- cycle. Transistors 00, 01, 
02 and diode D1 provide the b;osing network which 
determines the de operating level of the oscillator. The 
transistor 02 and resistors RS, R6, and R7 form a voltage 
reference of four times Vee at the collector of 02. The 
de voltage at pin 1 is determined by the values of R4, 
RB, and R 12 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 de voltage 
at pin 3. 

The oscillator signal at pin 1 is internally coupled to 
active filter 044. This filter reduces the frequency content 
above 4 MHz. The output of the filter at the emitter of 
044 is ac coupled through C3 to the input of the lead/lag 
network. R32 and C1 provide approximately 50o of phase 
lag, while C2 and R29 provide approximately 50° of 
phase lead. These two quasi-quadrature waveforms are 
used to switch chroma modulators e and A, respectively. 
The transistors 022 through 025 and 032-033 form 
a doubly balanced modulator. The input signal applied 
at. pin 5 is compared to the color de reference voltage 
_applied at pin 6 in differential amplifier 032-033. The 
source current provided by transistor 034 is partitioned 
in transistors 032 and 033 according to the differential 
input signal. The bases of transistors 023 and 024 are 
connected to the de reference voltage at the emitter of 
030, The bases of transistors 022 and 025 are connected 
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to the phase delayed oscindtor signal at the emitter of 
buffer transi>tor 021. The differential signal currents 
provided by 032 and 033 are switched in transistors 
022 through 025 and the resultant signal voltage is 
developed across R49. This signal has the phase and 
frequency of the oscillator signal at the emitter of 021. 
The amplitude is proportional to the differential inr>ut 
signal applied between pins 5 and 6. Transistors 026 
through 029 and 038-039 form chroma modulator B. 
This modulator develops a signal voltage which is propor­
tional to the differential voltage applied between pins 
7 and 6. The phase and frequency of the output is equal 
to the phase advanced chroma oscillator at the emitter 
of buffer transistor 020. Both chroma modulators A and 
B share the same output resistor. R49, so the output 
signal presented at the emitter of 042 IPin Bl is the 
algebraic sum of modulators A and B. 

The RF oscillator consists of differential amplifier 
018 and 019 cross-coupled through emitter followers 
016 and 017. The oscillator will operate at the parallel 
resonant frequency of the network connected between 
pins 13 and 14. The oscillator output is use<! to switch 
the doubly balanced RF modulator, 09 through 015. 
Transistors 07 and 09 provide level shifting and a high 
input impedance to the luminance input pin 9. The 
bases of transistors 09 and 010 are both biased through 
resistors R17 and A18. respectively, to the same de 
reference voltage at 06 emitter. The base voltage at 010 
may only be offset in a negative direction by luminance 
signal current source 08. This design insures that over­
modulation due to the luminance signal will never occur. 
The chrominance signal developed at pin 8 is externally 
ac ccupled to pin 10 where -it is reduced by resistor 
dividers R20 and R17. and ad•fad to the luminance 
signal in 09. The resultant differential composite video 
currents are switched at the aopropriate RF frequency 
in 012 through 015. The output signal current is presented 
at pin 12. 

Transistors 036, 041 and resistors A44, R47 provide 
a highly stable voltage reference for biasing current sources 
043, 034, 035. and 011. 

MC1372 APPLICATION INFORMATION 

Chrominance Oscillator 
The oscillator is used as a clock signal for driving 

associated external circuitry, in addition to providing a 
switching signal for the chroma modulators. The IC uses 
an external crystal in a Colpim configuration. as shown 
in Figure 5. Resistor Al 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 sign1I 
at pin 1 must be modified to overcome gate delays in 

associated equipment. The duty cycle may be adjusted 
by varying the de voltage applied to pin 3. This adjust­
ment may be made with the use of a p0tentiometer 
(10 kQJ between suoply and ground. With no connection 
to pin 3, the duty cycle is approximately 50%. 

Chroma Modulator 
The chrominance oscillator is internally phase shifted 

and applied to chroma modulators A and B. No external 
lead/lag 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 always be within the Input 
Common Mode Voltage Range. Since the amplitude of 
chrominance output is proportional to the voltage dif· 
ference between pins 5 and 6 or 7 and 6, it is desirable 
to select the Color Reference Voltage applied to pin 6 to 
be midway between V5max and V5min (which should 
be V7max and V7minl. The Chroma B Modulator will be 
defined. as a lB· VJ modulator if a burst flag signal is 
applied to 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-V5minl. Since the phase of burst is 
always . defined as -(B· YI, the Chroma A Modulator 
aporoximates an (A·Y) modulator; however, the phase 
is offset by 100 from the nominal 900, to provide the 
100" phase shift as discussed previously. 

RF Modulator 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 µH shown in Figure 5 were chosen 
for a Channel 4 carrier frequency of 67 25 MHz. For 
Channel 3 operation, the resonant frequency should 
be 61.25 MHz (C = 75 pf, L = 0.1 µHI. Resistors R4 and 
R5 are chosen to provide an adequate amplitude of 
switching voltage, whereas A6 is used to lower the maxi· 
mum de level of switching voltage below Vee. thus 
preventing saturation within the IC. 

Compasite Luminance and Sync should be de coupled 
to Luminance Input, pin 9. This signal must be within 
the Luma Input Dynamic Range to insure linearity. 
Since an increase in de voltage applied to pin 9 results 
in an increase in RF output, the input signal should 
have p05itiv9110ing sync to generate an lllTSC compatible 
-signal. As long as the input signal is pasitive, over· 
modulation is prevented by the integrated circuit. 

Chrominance information should be ac: coupled to 
Chrominance Input, pin 10. This pin is internally con· 
nected to a resistor divider consisting of a series 300 
ohms and a shunt 500 ohms resi>tor. The input impedance 
is thus 800 ohms, 1nd a coupling capacitor should be 
appropriately chosen. 
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FIGURE 5 - TYPICAL APPLICATION CIRCUIT 

The Luminance to Chrominance ratio (L:Ci may be 
modified with the addition of an external resistor in series 
with pin 10 (as shown in Figure 5). The unmodified L:C 
(A0 1 is 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 Aol1 + Rext/800) for equal amplitude input 
signals. 

The internal chrominance modulators are not inter· 
nally connected to the RF modulator; therefore, 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 modulated RF signal is presented IS a current 
at RF Modulator Output, pin 12. Since this pin represents 
a current source, any load impedance may be selected for 
matching purposes and gain selection, IS long IS the vol· 

tage at pin 12 is 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 load resistance of up 
to 250 ohms may be safely used with a 5 V supply. 

Composite Video Signal Generation 
The RF modualtor 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· 
trolled by the direction of the diode. Inverted video: 
Anode to pin 14, cathode to pin 13. Non-inVBrttd 
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 incr-ing 
the load resistor on pin 12 and returning it to a higher 
supply voltage. Any voltage up to the Absolute Maximum 
Rating may be used. 
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MC1372 

Applications with MC6847 Video Display Generator 
The MC1372 may be easily interfaced to the MC6847 

as shown in Figure 5. The de levels generated and required 
by the VDG are compatible with the MC1372, so that 
pins 1, 5, 6, 7, and 9 may be directly coupled to the 
appropriate MC6847 pins. Both integrated circuits as 
well as any associated NMOS MPU may be driven from 
a common 5 Vdc supply. 

Recommended Chroma-Luma Signals 
A chroma modulation angle of 100° was chosen to 

facilitate a desirable selection of colors with a minimum 
number of input signal levels. The following table demon­
strates applicable signal levels for a variety of colors. 

RECOMMENDED CHROMA-LUMA SIGNALS 

Pin #9 Pin #7 Pm #6 
Luminance 

Input Color A Col.or Rei. 
(Vdcl (Vdcl (Vdcl 

Sync 1.0 1.5 1.5 

Blanking 0.75 1 .5 1.5 

Burst 0.75 1.5 1.5 

Black 0.70 1.5 1.5 

Green 0.50 1.0 1.5 

Yellow 0.38 1.5 1.5 

Blue 0.62 1.5 1.5 

Red 0.62 2.0 1.5 

Cyan 0.50 1.0 1.5 

Magenta 0.50 2.0 1.5 

Orange 0.50 2.0 1.5 

Butt 0.38 1.5 1.5 
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Pin #5 

ColorB 
(Vdc) 

1.5 

1.5 

1.25 

1.5 

1.0 

1.0 

2.0 

1.5 

1.5 

2.0 

1.0 

1.5 



®MOTOROLA 

Ad"Tance Information 

2048 X 8-BIT UV ERASABLE PROM 

The MCM2716/27A16 is a 16,384-bit Erasable and Electrically 

Reprogrammable PROM designed for system debug usage and similar 

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 avatlable for large vo!ume production runs of systems 

initially using the MCM2716/27A 16 

• Single± 10% 5 V Power Supply 

• Automatic Power-down Mode (Standby) 

• OrgantZed as 2048 Bytes of 8 Bits 

• Low Power Dissipation 

• TTL Compatrb1e During Read and Program 

• Maximum Access Time= 450 ns MCM2716 

350 ns MCM27A16 

• Prn Equiva:ent to Intel's 2716 

• Pin Compatible to MCM68A316E Mask Programmable ROMs 

PIN NUMBER 

9-11, 
MOO. 13-17 12 18 20 21 

DO Vss E/PrOfl' G Vpp 

Read Data out Vss VIL VIL Vee 

Output Disable HiZ Vss Don't Care V1H Vee 

Standby HrZ Vss V1H Don't Care Vee 

Program Data in Vss Pulsed V1H V1HP 
V1L to V1H 

Program Verify Data out Vss VIL Vi~ V1HP 

Program Inhibit HiZ Vss VIL V1H V1HP 

ABSOLUTE MAXIMUM RATINGS (1) 

24 

Vee 

Vee 

Vee 

Vee 

Vee 

Vee 

Vee 

R•ti_'!'ll_ Value Unit 

Temperature Under B 18s -10 to +eo "c 
Storage Temperature -65 to +125 "c 
Alt Input or Output VoltageS with Respect to~- during Rt.ad + 6 to -0.3 Vdc 

Vpp Supply Voltage with Respect to Vss -+28 to -0.3 Vdc 

NOTE 1. Permanent device damage may occur tt ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restrM:ted to RECOMMENDED 
OPERATING CONDITIONS. Exposu'"e to higher than recommended vottagn 
fOf ext~ded periods of time could affect devtce rehabtlity. 

This•• advance 1nform•t1on and specifications •r• sub19Ct to change without notice 
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MCM2716 
MCM27Al6 

MOS 
IN-CHANNEL. SILICON-GATE I 

2048 X 8-BIT 
UV ERASABLE PROM 

10 

11 

12 

A 

DO 
E/Progr 

G. 

CERAMIC PACKAGE 
CASE 716-03 

Vee 2< 

AB 23 

A9 2:-
Vpp 

1l 7C 

A10 

E/Progr " 
007 ,.,, 
006 16 

DOS 15 

004 ,. 
003 13 

•PIN NAMES 

Address 

... Data Input/Output 

.. Chip Enable/Program 

. OutPUt Enable 



MCM2716, MCM27A16 

BLOCK DIAGRAM 

AO-A10 

Deta lr'lput/Output 

000-007 

Input/Output Buffers 

Memory 
Matrix 

(128 x 128) 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

RECOMMENDED DC READ OPER TING C A ONDITIONS T_A •O 0 to+ 10° I c 

P•r•meter Symbol Min Norn Mo• Uni1 

Supply Voltage• MCM2716 Vee 4.75 5.0 525 Vdc 
MCM27A16 4.5 5.0 5.5 

Vpp Vci;_-0.6 5.0 V__cc_< ii.6 
Input High Voltage V1H 2.0 - Vee• 1.0 Vdc 
Input Low Voltage VtL -0.1 - 0.8 Vdc 

READ OPERATION DC CHARACTERISTICS 

CharllCteristic Condition Symbol Min Typ Mu Unit 

Address, G and E/Progr Vin• 625 V l;n - - 10 µA 
Input Sink Current 

Output Leakage Current ~·525 V.G = 5.0V !J.Q_ - - 10 µA 

~Supply Current• tStendbyl E/Progr • V..lJ:i, G • V...11.. .!cc1. - 10 25 mA 

V CC Supply Current• (Active I G • E/Progr •VIL •cc2 - 57 100 mA 

Vpp Supply Current• Vpp • 5.85 V lpp1 - - 5.0 mA 

Output Low Voltage IOL • 2.1 mA Vol - - 0.45 v 
Output High Voltage .'.Q..H • -400,,.A V_Qt1 2.4 - - v 

•vcc must be •PPlied simultaneously or prior to Vpp. Vcc·must also be switched off simultaneously with or after .Vpp. Wi1h Vpp connected 
directly to Vee during the rod operation, the supply current would be the sum of lpp1 1nd ICC· The edditional 0.6 V tolerance on Vpp 
makes it pouible to use• driver circuit for switching the Vpp suppl_y pin from Vee in Reed mode to +25 V for programming. Typical vt1lues 
ire for TA • 2s0c and nominal supply voltages. 

CAPACITANCE 
If • 1.0 MHz, TA • 25°C, periodically 1Bmpled rother than 100% tested .I 

Unit 
Input C-citonce (Vin• 0 VI 4.0 6.0 pF 

Output Capacitance (Vout • 0 V) Cout 8.0 12 pF 

c.p.citance measured with 1 Boonton Meter or effective cas-ciuince calculated from the 
IA1 

equ.tion: C 11 4V . 
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This device contains circuitry to protect the 
inputs epinst damage due-to high 1t1tic vottages 
or electric fields; however, it is advised thet 
nortNI precautions be taken to .-,o;cs .,:>plfc:I· 
tion of any 'IOIUIOI" higher than meximvm 
rated 110ltages to this high-impedance circuit. 



MCM2716, MCM27A16 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(TA• Oto +7o0 c, Vee• s.ov • 10%unlnlothofwile noted.I 

Input Pulse Levels .•..•......••.•• 0.8 Volt to 2.2 Volts 
Input Rise and Fell Times .................... 20 ns 

Input •ncl Output Timing L ... ls ..•.........•. 2.0 Volts 
Output LOlld ••.••.•....•..•.•.•...•. See Figure 1 

~ic: 

Addrea V•ltd to Output Valid 

E!Pr...- to Output Volid 

Output Eneble to Output Valid 

E/Progr to Hi Z Ouiput 

OutPUt Diubfe to Hi Z OutPUt 

Data Hold from Addreu 

READ MOC~ TIMING DIAGRAMS 
(Chip Enoble • V1LI 

Address 

STANDBY MODE 
(Output Enoble • V1Ll 

MCMZ7A11 

Condition 8\'mbol Min 

E/Progr • G • ~ IAVOV -
(Note 21 IELOV -

E/Progr • V.11. tGLOV -
teHaz 0 

EIPrO!ll ·~ tGHOZ 0 
E/Progr • G • V1L tAXDX 0 

FIGURE 1 - AC TEST LOAD m .... flflL • 2.211 

,...1 f'oont 

MM06150 
.,00 llf Ea...iiv 

MM07000 
0' Ea'°'" 

-350 

350 

120 

100 

100 

-

Ouiput V•lid 

Stendby Mode (Chip Select• V1L) 

Addr .. 

i!Progr 
Active Mod• 

,_. ___ ,.._,ELOV 

1No•2) 

NOTE. 2: tf:LOV • reteNnced to l'/Pr.., or ........ add,... whicheww occun lllltt •. 

16 1 

MCM2716 

Min - Units 

- 450 ns 

- 450 

- 120 

0 100 

0 100 

0 -

1-----+- tGHOZ 



MCM2716, MCM27A16 

DC PROGRAMMING CONDITIONS AND CHARACTERISTICS 
ITA•Dto+7o0c.vcc •5.0V' 10%1 

RECOMMENDED PROGRAMMING OPERATING CONDITIONS 

Parameter Symbol Min Norn 

Supply Voltage Vee 4.75 5.0 

- Vpp 24 25 
Input High Voltage for Data V1H 2.2 -
Input Low Voltage for Data VIL -0.1 -

Max Unit 

525 Vdc 
26 Vdc 

Vee+ 1 Vdc 

OB Vdc 

"'Vee must be apphed s1mulataneously or pnor to Vpp. Vee must elso be switched off s1m.ultaneouslv with or ah~1 Vpp. The device must not 
be inserted into or removed from a boiird with Vpp at +25 V. Vpp mun not exceed the +26 V maximum specifications. 

PROGRAMMING OPERATION DC CHARACTERISTICS 

Char.cteristic Condition Symbol Min Typ Ma• Unit 

Address, G and E/Progr Input V;n • 5.25 V/0.45 ILi - - 10 µAde 
Sink Current 

Vpp Supply Current E/Progr • ':'.J.L .!.ru - - 5.0 mAdc 

Vpp Programming Pulse E/Progr ... VJH lpp2 - - 30 mAdc 
Supply Current 

V CC Supply Current •cc - - 100 mAdc 

AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS 

Characteristic Symbol Min Ma• Unit 

Address Setup Time lAVEH 2.0 - µS 

Output Enable High to Program Pulse 'GHEH 2.0 - ... 
Data Setup Time toveH 2.0 - '" Address Hold Time 'ELAX 2.0 - µs 

Output Enable Hold Time lELGL 2.0 - ... 
Data Hold Time 'ELQZ 2.0 - µS 

Output Disable to Hi Z Output lGHQZ 0 120 ns 

Output Enable to Valid Data (E/Progr = V1LI 'GLQV - 120 ns 
Program Pulse Width 'EHEL 45 55 ms 
Program Pulse Rise Time tPR 5 - ns 

Program Pulse Fall Time 'PF 5 - ns 

PROGRAMMING OPERATION TIMING DIAGRAM 

f-----Pro0r•m----+----"•<>vr.m V•ritv----"1 

'OvlM 1£LQZ 
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ZSO~CPU 
ZSOA-CPU ····.~~~ 

.. A 

Zilog 
The Zilog Z80 product line is a complete set of micro­

computer components. development systems and support 
software. The Z80 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 Z80 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 
is implemented using an N-channel, ion implanted, silicon 
gate MOS process. 

Figure 1 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 I 6-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 

13 
CPU ANO 
SVSTEM 
CONTROt 
SIGNALS 

i lNSTRUCl ION 
DECODC 
AND 
CPU 
CONTROL 

i i i 

8 Bil 
DATA BUS 

16-BIT 
ADDRESS BUS 

Z80, ZBOA CPU BLOCK DIAGRAM 

® 
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Product Specification 
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multiple level 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 is 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 instructions-includes all 78 of the 8080A instruc­

tions with total software compatibility. New instruc­
tions include 4-, 8- and 16-bit operations with more 
useful addressing modes such as indexed, bit and relative. 

• 17 internal registers. 
• Three modes of fast interrupt response plus a non­

maskable interrupt. 
• Directly interfaces standard speed static or dynamic 

memories with virtually no external logic. 
• 1.0 µs instruction execution speed. 
• Single 5 VDC supply and single-phase 5 volt Clock. 
• Out-performs any other single chip microcomputer in 

4-, 8-, or 16-bit applications. 
• All pins TTL Compatible 
• Built-in dynamic RAM refresh circuitry. 

MAIN REG SET AlTERNATE REG SET 

r1 ACCUM~LATOR ~ ::!'. 
FLAGS ! ACCUMULATOR FLAGS 

F .. ,. 
• i c 

t 
.. 

j_ 
c· 

D l E o· E. 

--r-
H ! l i H. i 

,. 

··-' J---7 7 INTERRUPT 
' VECTOR REFRESH ' 

' • 
INDEX REGISTER IX 'SPECIAL 

PURPOSE 
INDEX REGISTER l'V REGISTERS 

STACK POINTER SP : 

PROGRAM COUNTER PC : 

7 

Z80, ZBOA CPU REGISTERS 

l GENERAL 
PURPOSE 
REGISTERS 



Z80, Z80A-CPU Pin Description 

svm~ {(= 
CONTROL RO .. -
:::;::TOOL{; 

Niii 

mn 
~ /eumt 
CONTROL l,iUfAI: 

•SV 

Z8(J.CPU 
ZBOA-CPU 

.. .. ., ., .. .. .. 
•1 AOORESS 
.. BUS .. ... ... . ., . ., ... ... 

" .. "} o, 

~ DATA 
o,. !4'J$ 
o, .. 
o, 

Z80, ZSOA CPU PIN CONFIGURATION 

Ao-A15 
(Address Bus) 

Do-D7 
(Data Bus) 

M1 
(Machine 
Cycle one) 

MREQ 
(Memory 
Request) 

IORQ 
(Input/ 
Output 
Request) 

RD 
(Memory 
Read) 

WR 
(Memory 
Write) 

Tri-state output, active high. Ao-A15 
constitute a 16-bit address bus. The 
address bus provides the address for 
memory (up to 64K bytes) data 
exchanges and for 1/0 device data exchanges. 

Tri-state input/output, active high. 
Do- D1 constitute an 8-bit bidirectional 
data bus. The data bus is used for data 
exchanges with memory and 1/0 devices. 

Output, active low.Mi 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 IOilQ 
signal indicates that the lower half of the 
address bus holds a valid 1/0 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 1/0 device. The addressed 
1/0 device or memory should use this 
signal to gate data onto the CPU data bus. 

Tri-state output, active low. WR indicates 
that the CPU data bus holds valid dat-a to 
be stored in the addressed memory or 1/0 

.device. 

RFSif 
(Refresh) 

HAIT 
(Halt state) 

WAIT 
(Wait) 

INT 
(Interrupt 
Request) 

NMT 
(Non 
Maskable 
Interrupt) 

RESET 

BUSRQ 
(Bus 
Request) 

BUSAK 
(Bus 
Acknowledge) 
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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 
should be used to do a refresh read to all 
dynamic memories . 

Output, active low. 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 1/0 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 
nter~request line has a higher priority 
than 1N'F 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 
i-80 CPU to restart to location 0066H· 

Input, active low. RESET initializes the 
CPU as follows: reset interrupt enable 
flip-flop, clear PC and re_gisters 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 addres! 
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 Wclveforms 

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 rising edge of the clock state T 1· 
Clock states T3 and T 4 of a fetch cycle are used to re-fresh 
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. 

·I· 

WAIT 

"" 
00 ~ 01 

Rf$M 

------M1(:ydf------t 

_.__, I I : 
! I i 1 ' I : : 

-~-----~-,....-.,-~-----1-----l-----~--t-----j--' L.1-- ---r----~- ____ ,...._ 
1' I' 1

1 

, t _____ J_ 
' ' I I __,.__ _ ___,._--lGJ ; 

I\ 1,-~~~ 

MEMORY READ OR WRITE CYCLES 

Illustrated here is the timing of memory read or write 
cycl~ther than an OP code fetch (MI cycle). The MREQ 
and RD signals are used exactly as in the fetch cvcle. In 
the case of a memory write cycle, the MREQ als.o becom.'s 
active when the address bus is stable so that it can be used 
directly as a chip enable for dynamic memories. The WR 
line is active when data on the data bus is stable so that it 
can be used directly as a R/W pulse to virtually any type of 
semiconductor memory. 

i:ib 

WR 

00 - C7 

INPUT OR OUTPUT CYCLES 

Illustrated here is the timing for an 1/0 read or 1/0 write 
operation. Notice that during 1/0 operations a single wait 
state is automatically inserted (Tw*). The reason for this is 
that during 1/0 operations this extra state allows sufficient 
time for an 1/0 port to decode its address and activate the 
WAIT line if a wait is required. 

AO •7 

RO 

00 Di 

WAIT 

WR 

00 07 

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 is accepted, a special MI cycle is 
generated. During this MI 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 
Z80 peripheral controllers, can be easily implemented. 
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Z80, Z80A Instruction Set 

The following is a summary of the Z80, ZSOA instruptjon 
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 
16-bit.loads 
Exchanges 
Memory Block Moves 
Memory Block Searches 
8-bit arithmetic and logic 
16-bit arithmetic 
General purpose Accumulator 

& Flag Operations 

Miscellaneous Group 
Rotates and Shifts 
Bit Set, Reset and Test 
Input and Output 
Jumps 
Calls 
Restarts 
Returns 

In the table the following terminology is used. 

b - a bit number in any 8-bit register or memory 
location 

cc - flag condition code 
NZ - non zero 
Z - zero· 

· NC - non carry 
C - carry 
PO - Parity odd or no over flow 
PE - Parity even or over tlow 
P - Positive 
M - Negative (minus) 

Mnemonic Symbolic Operation Comments 

LD r, s r ..- s s '= r. n. (HL). 
(IX+e). (IY+e) 

LD d, r d <- r d:(HL).r 
( IX+e). (IY+e) 

LD d. n d <- n d = (HL). 
(IX+e). (IY+e) 

LD A,s A<- s s =(BC). (DE). 
( nn.). I. R 

LDd,A d <-A d = (BCl. (DE). 
(nn).l.R 

LO dd. nn dd <-nn dd =BC. DE. 
HL. SP. IX. IY 

LD dd. (nn) dd <-(nn) dd :=BC. DE. 
HL. SP .. IX. IY 

LD (nn). ss (nn)<-ss SS= BC. DE. 
HL. SP. IX. IY 

LD SP. SS SP <-SS SS= HL. IX. IY 
PUSH SS (SP-t) ... SSH: (SP-2) ... SSL SS= BC. DE. 

HL. AF. IX. IY 
POP dd ddL <-(SP): ddH...:. (SP+!)' dd =BC. DE. 

HL. AF. IX. IY 

EXDE. HL DE -..HL 

E.X Af,;AF' AF ... AF' 

EXX 

(~~)-(~) 
HL HL' 

EX (SP). SS (SP)·· ssL. (SP+l) •• ssH SS= HL, IX. IY 

) 
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d - any·8-bit destination register or memory location 
dd = any t 6-bit destination register or memory location 
e - 8-liit signed 2's complement displacement used in 

relative jumps and indexed addressing 
L - 8 special call locations in page zero. In decimal 

not;itiOn these are 0. 8, t 6. 24. 32·. 40, 48 and 56 
n - any 8~bit binary number 
nn =;: any 16-bit binary number 

- any 8-bit general purpose register (A. B. C. D, E, 
H. or L) 

- any 8-bit source register or memory location 
Sb -· a bit in a specific 8-bit register or memory location 
ss - any t 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 t 6-bit register 

( ) = the contents within the ( ) are to be used as a 
pointer to a memory location or I/O port numtier 

8-bit registers are A. B. C. D; E, H, L, I and R 
16-bit register pairs are AF. BC. DE and HL 
16-bit registers are SP. PC. IX and IY 

Addressing Modes implemented include combinations of 
the following: ·immediate Indexed 

Immediate extended Register 
Modified Page Zero Implied 
Relative Register Indirect 
Extended Bit 

Mnemonic Symbolic Operation Comments 

LDI (DE)..- (HL), DE<- DE+ t 
HL +-- HL+l, BC ... BC-I 

LDIR (DE)+- (HL), DE<- DE+! 
HL <- HLTI. BC<- BC-I 
Repeat until BC = 0 

LDD (DE)+-- (HL)~ DE<- DE-t 
HL <- HL-1. BC ... BC-I 

LDDR (DE)<- (HLl. DE <-DE-I 
HL <- HL-1. BC<- BC-I 
.Repeat until BC= 0 

CPI A-(HL). HL <- HL+I 
BC<- BC-I 

CPIR A-(HL). HL <- HL+I A-(HL) sets 
BC,_ BC-I. Repeat the flags only. 
until BC = 0 or A= (HL) A is not affected 

CPD A-(HL). HL +- HL-1 
BC - BC-I 

CPDR A-IHL).HL-HL-1 
BC - BC-I. Repeat 
until BC= 0 or A= (HL) 

ADDs A --A+ s 

ADC s A<- A+ s + fY CY is the 

Sl!B s A-A -s carry flag 

SBC s A<- A - s - CY s=r,n,(HL) 
AND s A<-A/\s ( IX+e). ( IY+e) 

ORs A-A vs 

XOR s A<-Aifls~ 



Mnemonic Symbolic Operation Comments Mnemonic Symbolic Operati-0n Comments 
I-

CP s A - s s = r, n(HL) oil! 
:.J 

(IX+e), (IY+e) 'ri ..: 
< INC d d+-d+ I 

VJ 
t: d=r,(HL) t: Cl 
ob (IX +e ), (IY+e) Cl 

DEC d d+-d-1 

BIT b, s z +-'Sb Z is zero flag 
SET b, s Sb ._ I s=r.(HL) 
RES b, s Sb+- 0 (IX+e),(IY+e) 

IN A, (n) A+- (n) 

IN r, (C) r +- (C) Set flags 

ADD HL. SS HL +-HI +SS 

ADC HL. SS HL +- HL + SS+ CY }"= BCDE 
:::: SBC HL. SS HL +- HL - SS - CY 

HL,SP 
'-
;._ 

ADD IX. S'- IX+- IX+ S'> ss= BC DE, ::::=: 

I- IX, SP 
i ADD IY. SS IY <- IY +SS SS= BC DE, < 
c IY, SP 
"? INC dd dd +- dd + I dd =BC. DE. := 

HL. SP, IX, IY 
DEC dd dd +- dd - I dd =BC. DE. 

HL. SP, IX, IY 

IN! (HL) +-(C).HL +- HL +I 
B +- B - I 

INIR (HL)+-(C),HL+-HL+ I. 
B+-B-1 
Repeat until B = 0 

IND (HL)+-(C),HL+-HL-1 
B+-B-1 

!NOR (HL)-(CJ.HL+-HL-1 
B+-B-1 
Repeat until B = 0 

OUT(n), A (n) +-A 

OUT(C). r (C) +- r 
DAA Converts A contents into Operands must 

'' packed BCD following add be in packed .,.., 
< or subtract. BCD format ..: 
;;,. 

OUTI (C):._ (HL), HL +- HL + I 
B+-B-1 

OTIR (C)+-(HL). HL +- HL + I 
o(l - B+-B-1 

CPL w A +-A w 
< NEG A+- 00 - A 
"" ~ CCF CY+- CY 

Repeat until B = 0 

OUTD (Cl+- (HL), HL +- HL - I 
B+-B-1 

SCF CY._ I OTDR (C) +- (HL), HL +- HL - l 

NOP No operation 
,r 

Halt CPU HALT 

B+-B-1 
Repeat until B = 0 

8 DI Disable Interrupts z 
< EI Enable lnterrupts ~ 

..: 
w IM 0 Set interrupt mode 0 8080A mode 
~ JM J Set interrupt mode I Call to 0038H :::.: 

IM 2 Set interrupt mode 2 Indirect Call 

RLC s ~ 

JP nn PC+- nn t PO 
JP cc, nn If condition cc is true 

cc ~c PE 
PC+- nn, else continue p 

JR e PC+-PC+e lC M 

JR kk, e If condition kk is true 
kk {~z NC 

PC+- PC+ e, else continue c 
JP (ss) PC +-SS SS= HL, IX, IY 

s 

RL s ~ 
DJNZ e B +- B - I, if B = 0 

continue, else PC +- PC + e 
s 

RRC s ~ 
s 

VJ 
RRs ~ 

t s 

CALL nn (SP-I)+- PCH 

r PO 
(SP-2) +- PCL. PC+- nn 

cc ~c 
PE 

CALL cc, nn If condition cc is false p 
continue, else same as M 
CALL nn 

~ SLA s ~(I s=r.(HL) 
0 s (IX+e), (IY+e) z 
< 

SRA s ~ VJ 

;::: 
< 
I- SRLs {I~ 0 :x: s 

11 A •t' 2jj iiE 1t11•u RLD 

17 A.,, 50! SS <>t•il!J RRD 

RST L (SP-I)+- PCH 
(SP-2) +- PCL, PCH +- 0 

' PCL +- L 

RET PCL <-(SP), 
PCH +-(SP+ I) 

RETcc If condition cc is false r PO 
continue, else same as RET z PL 

~c \;( p 
RETI Return from interrupt, 

same as RET c M 

RETN Return from non-
maskable interrupt 
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A.C. Characteristics. Z80-CPU 

TA= 0°C 10 70°(. V cc= +5V :t sr1t:. Unless Otherwise Noted. 

-.,.-
Sign•I Symbol P:aramtter \fin 

•, f111...:k Pl.'noJ .. 
•I> 1wl'Ml1 Cl11...:k Puhe \hJ!h. 01>..:l lh~h IXU 

'"' t•l•L1 (!11d1, Puht' "-1J1h, 011,,:I;, Low 1~0 

1t.t n.1d, R1St" JnJ b!'I T11He 

11J t.\l>I .\Jdrcss Outpul lkb) 

1f ;.~DI OtL.11, 111 Fl11Jt 

"o-1s 
!;i...-111 .\,Jd;l."Si S1;,ibll' Prior !11 MRf:O !\.1t!'1llOP.. r..-de) _!_I. 
t J.:'I :\JJrl''iS Slithlt!' Pm1r hi i'OifQ. Rl5.11r tR I.I Of1,del I!!" 
l,;:.i .\JJu:-1,:» S1.1bl'-" 1111111. Rn.~~ or~ :I::!: 
' ... ·.11 \ddrl.''$ StJbk f r.1111 RO 11r \\"R 01111ng. f11•Jt I~! 

1b1D1 D:.llJ Ou1put l.>t.'la~ 

1f IOI Dela~ !11 Fh•Jt Dunn~ Wtui:- C~ .. I~ 
1S<l>iDI l>..ila St-1up Tum: io R1:su1~ h..lge ol (lod Durmg \.11 Cydc .20 

Do-7 15$11>1 Dal a Sewp Tuue to Falling ~Jge of Clo1.k Oturn~ '1~ 1u \t5 oO 

IJ~m C>Jta Srable Phof hl WR f\tt'mury Cydt'I 151 
IJ~1 l>Jta Srable Prior t~'R (f 'O (~de) !I[ 
l..:JI Da!J Srable From WR l'I 

'H An~· ~fold Timi! for Se1up Ti111e 0 

1Dl<iitMRI M~EQ Dela) From Fallrng Edge ol ('luck. MREQ low 
1DH<PfMRI MREo Delay From Rmng Edg< ul Cluck. \1REQ fhgh 

\.IREQ 1 DH$;~tRJ MRFQ Delay Frum Falling Edge ufClock. 'JRE7j High 
1w 1iiifil1 Pulse Width. MRI:/) Luw 181 
1w tMRHl Puls. Wrdlh. MREQ High ,,,, 
1DLcl> flRI !ORO Delay From Rising Edge uf f!uck. IORQ L<lW 

!ORO 1Dl:j;'f1Rl IORQ Delav From Falling Edge of Clock, iORQ Low 
1DHcl>(IR) iORQ Dela~ From Rising Edge uf ('lock. fORQ High 
1DH$°(1R> iOR/j Delay From Falhng Edge of flock. iORQ High 

t-·-
1DL.cl> IRDl !ill Delay From Ristng Edg• of flock. fiQ. Low 

RD 1Dl'P" I RDl Jill Delay From Falling Edgt ofClock.J!!l Low 
'DHcl>fRDl RD Delay Fnim RiS1ng Edge of Clock. RD High 
1DH$(RD) iffi Delay From Falhng Edge of Clock. RO High 

1DLcl>fWRl WR Delay From Rising Edgt of Clock. WR Low 

WR 1DLi"tWR) WR Delay From Falling Edge of flock. WR Low 
1DH$(WR) WR Delay From Falling Edge ofClock. WR High 
1w <WRLl Pulse Width. WR low (101 

Mi 1Dl1Mll Mt Dela) From Rising Edge of flock, Mt Low 
1DH fMI) Mi Delay From Riilng Edge of Clo.;k, Mi Hig/I 

-
RFSH 0.1.y From RiS1ng Edge of flock. RFSii Low RFSH IDLIRFl 

1DH!Rfl RFSH Delay Frum Risrng Edge ,,f Clock, RFSH High 

WATT 1st WT) WATT Setup Time to Fallrng F.dg• of Cl<><k 10 

iiACT 1D!HTl HALT Delay Ti mo From Fllling Edge of Clo<k 

iNT 1, !IT) iNT Setup Time tu Rising Edge uf Cluck 80 

~ 1w tNMLI Pulse Width. NMt Low RO 

BUSRQ 1st8Q) BUSRQ Setup Tim< tu Rising Edge uf flock 80 

BUSAK 1DLtBAI iiUSAK Delay· From RJSing Edge of Clo<k. Bl!SAK Low 
1DHIBM JiUSAK Delay From Falling Edge ofClu.:k, BCSAK High 

RF.SET 1s tRSl RF.SET Setup Time lo Rising Edge uf Ch..:k Q{) 

1F !Cl O.lay to Float fMREQ. iORQ. RO ,"nd WR) 

1mr Mi Stable Pr1ur iu loiiQ llnt<rrupt Ack. I 1111 

"OHS 

.\ Oala .-.hnuld ~ ~~1iabl~d u01u !ht' CPl' d•ta i'om "'·hi:n Rfi 1~ Jl..'.fl'H' Ounng 1n1trrup1 acknowlttdge d;ala 
,hould bl!' ~11i,1hltd ""''ht!n .\ii Jlld i'ORQ Jft hot.h .i~llVC'. 

B. All ~llOlrol .. 1llJ'1.ds anr 1nlt.•rnaily ~yr1diro111Led. ""they mJy bt tlltJlly JSYlh:hronous w11h re"J>(i:I 
!o 1he do~k. 

(" The RESET ~1t1niAI mthl b~ J..:llw· for J m1111mum 11( J ..:h)\:k ..:yde'io. 
0 Ou1pu1 Delay V\. L11Jde-d C1pa..:11an.:e 

r A= 70·'t Vi..:c ~ t-5V :Sr~ 

..... Unit 

11 cl i->V:...: 

Jtl ll'ie..; 

:ooo !hi!..: 

30 nsei..: 

l-'5 n~ei.: 

110 nsei..: 

mei.: 
rlW1. 

nse;.: 

!l"il.'<: 

~30 !1';;e, 

~ lhC...: 

1151!..: 

nsl.'1.. 

fl SI:\. 

lhl.'..: 

!ht'L 

11.XJ !l':>t.'L 

100 !h~'\.' 

JOO i1Se;.: 

fht'I..' 

nsc1.. 

uo nst:...-
110 nsec 
100 nsec 

TTO ns.ec 

100 nsec 
11_0 nse~ 

~ nsei.: 
110 nsec 

80 nsec 
90 nsec 

!N nset.: 
nsei: 

130 nsec 
130 nsec 

180 nsec 
150 nstc 

nsec 

JOO nsec 

nsc1.: 

nsec 

nsec 

I 20 nsec 
110 nSec 

nsec 

100 nsec 

nse:t: 

Add I On sec delay for each SOpf increase in load up to a maximum of 200pf for the data bus cl I OOpf for 
address cl control lines 
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T~t Condition 

Cl = 50pF Ill 1J.:.m = 1""1 1l>Hl + 1t - : 5 

121 1J._.1 =1 .... -xo 

J! I !~.1"' 1w1 1f)L1 r 1r - .HJ 

I• I 1 ~·:d = tw(<PU + 1r - no 
C'L=50rF 

Ji! 1dcm = 1c - 210 

,,,, 
1dci = 1w(<l>L) + 1r - 210 

I 'I tcdf = lw( 1>L) + t, -80 

CL - 'lJpF 
pq 1w ( \.1RU = 1,· - .. HJ 

'"' 1v.1\-1RH)"' !wM>H) + 1 f--~O 

('L = iOpF 

CL= iQpF 

CL• SOpF 

C'L = 50pF 

C'L = 50pF 

Cl •SOpF 

CL= SOpF 

lllJ 1mr=:1,•1~·~Hi''r-80 

f'UTl'OtNT 

«1 .,.. 
. .... 

Load circuit for Output 



A.C. Timing Diagram 

Timing measurements are made at the following 
voltages. unless otherwise specified: 

{

IN 

Do-7 

OUT 

M1 

WR 

NMI 

.. , .. "O" 

CLOCK Vee -.6V .45V 

OllTPlJf 2.0 v .8 v 
INPUT ~.O V .8 v 
FLOAT LJ.V :t0.5 v 

10 IHTI 
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Absolute Maximum Ratings 
Temperafure Under Bias 
Storage Temperature 
Voltage On Any Pin 

with Respect to Ground 
Power D1ss1pat1on 

Spt·~·1f1ed tiperJtlllt'. r;,in!ll' 
-b5°C to -t I 50°C 
-0.3V to+ 7V 

I.SW 

Z80-CPU D.C. Characteristics 

Symbol Parameter Min 

\'ILC Clu'k Input Low Vultage -0 _1 

*Comment 

Stresses aboYe those listed under "Absolute 
MaXJmum Rating" may cause permanent 
damage to the device. This is a stress rating 
only and funi..:t1onal opera11on of the deVJce 
at these Or any; oth!'.'r condi't1on above th'Ose 
indicated in the operat10nal sec.t1ons of this 
spec1f1ca1ion ts not implied. Exposure to 
absolu'te max..imum ratmgcond1t10ns for 
extended periods ma} affect de•·ice rellab1l1tj 

Typ Max Unit Test Condition 

0.45 v 

\'IHC Ch>ck lnpul High Vul1Jge 
\'cc -.6 vcc+.3 \' 

VIL Input LL1" Voltage -0.3 Oo v 

\'IH lnpu! High \\.llt;..ige cu v ..:.: v 

\'OL Outpu1 Lll"' \\lltJgt' U.4 v 10 L=J 8mA 

'oH Outpu! Hi~ \',iitJg.c ~ _4 v 'rni 0 -csoµA 

'cc PllWC! Suppl\ Cu; rent 150 mA 

ILi Input LcJ\...Jgc Curren! 10 µA v1'.\i""0 Ill \'c'-· 

1LOH I Tr;-S!Jle Ou1pu1 Lea\...J,!!.e Current 111 Flo:.it 10 µA \'otr1"'~.4 1'' vi.:i.: 

'10t Tri-StJlt' Output LcJkJgc Current 111 Fil)J( -I 0 µA vour=o 4V 

ll[) DJtJ Bu~ LeakJgc Current in Input MuJe 010 µA o.;:v 1N ,,;:\,, 

Z80A-CPU D.C. Characteristics 

Svmbol Parametrr Min Tvp \lax Linil Te'r Condition 

\I l ( -(11 0 45 v 

vcc+.3 

-II 1 () ~ 

\Ill : LI 

ll4 \. 'oL=I brnA 

\Oii : 4 1011 ' ->u;.;.-\ 

P.1v.L'' Surph ( u;1l'111 oo coo mA 

l11pt1t L t.'J~J~l' ( 111 rL'!ll IU µA \'j '\ =0 \,1 \', ~· 

Tri S<J!L' Output l L'J~J~C CurrL'llt 111 t--l1iJ! Ill µ\ VOIT 0
: 

4 '" \" 

111-SlJt~' Ot1tpi11 l cJl--.J~L' Cu11t'!\! 111 Fi11Jt -1 ll µ .. ~ \·onolJ 4\ 

:!. I U µ•\ U,,;: \.I\ •: 
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l\(1:c For Z~O-CPl ;iii .\C and LX d1ar<iLtcml1L<, remain !ht' 
s.;ime IP1 !hf' milli:.n) grade par1' excepl l(L-

Capacitance 
TA = 25°C. f = I MHz. 

unmeasured pins returned to ground 

Symbol Parameter Max 

(¢ Clt1i.:lo. Cap;.h 1!Jrh.·e -~) 

c,\ Input CdpJ1:1Lmd' 

Con Ou !put C JPJ<--'I 1<rn1..:c JO 

Z80-CPU 
Ordering Information 
C - Ceramic 
P -- Plastic 
S .__Standard SV :'.:So/( 0° to 70'C 

E - Extended ·sv ~SC?( -40--:i to 85(,C 

M -- Mi~itary 5\' :!-JO'/t-55·'.J to 12·scc 

Capacitance 
TA= 25°C. f = I MH1. 
unml'J\Urtd pin' returnl'd tu ground 

Vni1 

pf-

pF 

Symhol Paramrter \i~n Lnll I 
.f-~~~+-~~~~~~~-+-~~+-~~l 

l,1, 

l I' 

11 rt I 

-r-~--;~ llijl'.: ( .lf'.J·, 

( ()l l 

ZSOA-CPU 
Ordering Information 
c - Ceramic 

Plastic 
S - Standard 5V :t5'7r 0,-, to 70~( 



A.C. Characteristics ZSOA-CPU 

TA= 0°C tu 70°(. V.:.: = +SV ± S'X. Unless Otherwise Noted. 

SiJnal 

-\1-1\ 

Symbol 

•, 
•wf<l>H.l 
!""(<Ill) 

1r.t 

11l(ADJ 

'• tADl 
1a..:m 
1a..:1 

' ... a 
1i.::a1 

1DfDI 
IF (DJ 
1S<I> IDJ 
1 S~(D) 
1dcm 
tdc1 
1cdl 

'H 

1 DL~(MRJ 
1DH<l>(MR) 
1DH~(MRJ 
1w (MRLJ 
1w (MRH) 

1Dl<I> (IRl 
1DLi(IR) 
1DH<l>(IRI 
toH¢(1R) 

1DL~(RD> 
toL¢(RD) 
IDH<l>(RD) 
tDH~(RDJ 

1DL<l>(WR) 
1DL¢(WR) 
1DH¢°(WR) 
1w(WRLJ 

Para.meter 

Clock Perwd 
Clo.:k Pul>< Width. ll<'d. High 
Clock Pulse W1dlh. Cluck Low 
(lock Rise and Fall Time 

Address Output Dela) 
Dela~ to Floa1 
Address Stable Pnnr hi MRFO (Memory() de I 
Address Stable Pno1 to IORQ. RD or WR fl 10 (\ cle) 

Add<ess Stable from RD. WR. IORQ or MREO 
Address Siahle- Ffl)ffi RD or WR During Float 

Data Output Del<i~ 
Delay tc Float During Write() cle 
Dau Setup Time to R1smg tdge of Clo..:k DurmF M 1 C) .:le 

Data Setup Time to Falhng. l dge of Clod Durmg M~ tu M~ 
Data Stable Pr1llr to WR <Memor) r) cle I 
Data Stable Pnor tu WR (1 10 C)de) 
Data Stable From WR 

Any Hold Time for Setup Time 

MREQ Deia) Fwm Falhng Edge of Clock. MREQ Low 
MREQ Dela) From Risiog Edge of Clock, MREQ High 
MREQ Delay From FaUmg Edge of Clock, MREQ High 
Pulse Width, MREQ Low 
Pulse Width, MREQ High 

iORo Delay From Rising Edge of Clock. IORQ LClw 
iORQ Delay From Falling ~dge of flock, loRQ Low 
!ORO Delay Frorr. Rising ~dge of Clock, IORQ High 
IORQ Delay From Falling Edge of Clock, IORQ High 

RD Delay From Rising Edge of Clock, RD Low 
RD Delay From Falling Edge of Clock, RD Low 
RD Delay From Rising Edge of Clock, RD High 
RD Delay From Falhng Edge of Clock. RD High 

WR Delay From Rising Edge of Clock, WR Low 
WR Delay From Falling Edge of Clock, WR Low 
WR Delay From Falling Edge "r Clock. WR High 
Pulse Width, WR Luw 

Min 

.25 
110 
110 

1rr 

14] 

35 
50 

I~ 

191 

1101 

Unit Test Condition 

1121 
nS<c 

woo 

110 nS<c 
90 

nse.: 

OS.CL 

150 
90 nsel 

use ... 

0 nse( 

85 nsei.. 
85 nsel.'. 

85 nsei.. 
nse.: 
nsec 

75 nser 
85 nsec 

85 nsec 

85 nse1: 

85 nsec 
95 nsec 

nsec 

85 nsec 

65 nsec 
80 nsec 

80 nsec 
nsec 

1DUMI) 
1DH CMI) 

Mi Delay From Rising Edge of Clock. Mt Low 
Mi Delay From Rismg Edge of Clock, Mi High 

JOO nsec C SO 
1---+-.....,.100,,.,--+-ns_e_c-t L = pF 

1DL(RF) 
tDHfRFl 

RFSH Delay From Rismg Edge of Clock. RFSH low 
RFSH Delay From Rising Edge of Clock. RFSH High 

130 nt.ec C 
1---+--"1 __ 2_0-+-n-se-c-I L = 50pF 

NOTES: 

's(Wf) 

1D(HTl 

1s(ITl 

1w(NML) 

's(BQ) 

1DL(BA) 
1DH(8Al 

1s(RS) 

1F(CJ 

1mr 

WAIT Setup Time 10 Fallmg Edge of Clock 

HALT Drla~ Time From Fall mg Edge of (Jock 

INT Se1up Time to Rismg Edge oi Clock 

Pulse Width, NM! Low 

8USRQ Setup Time to RJSing Edge of Clock 

BUS AK Delay From Rising Edge of Clock, BU SAK Low 
BUSAK Delay From Falling Edge of Clock. DUSAK High 

RESET Setup Time to Rising Edge of Clock 

Delay to Float (MREQ, IORQ. RD and WR I 

MI Stable Prior to IORQ (lnt~rrupl Ack. I 

70 

80 

80 

so 

60 

1111 

A. Data should be enabled o~to the CPU data bus wheli iU>"1s aCuve. Durmg interrupt acknowledge data 
should be enabled when Mi and R5JrlJ are both active. 

8. All control signals are internally synchronized, so they may be totally asynchronous with respect 
to the clock. 

C. The Rsr-r s1gnal must be active for a mm1mum of .3 clock cycles. 
D. Output Delay v:, Loaded Capacitance 

TA= 70°C Vee= +SV ±5o/r 

nsec 

300 nsec 

nsec 

nsec 

nsec 

CL= 50pF 
100 
100 nsec 

nsec 

80 nsec 

nsei: 

( 12] tc = 1w(<l>H) • 1w(<i>L) • 1r • 1f 

(I] tacm = 1w(<l>HJ •tr- 65 

(2] I =I -70 
ii Cl C 

131 tea= tw(<l>L) + t, - 50 

14 I 1caf = 1w(<l>L) • 1r - 45 

!SJ tdcm=tc-170 

lb] tdci = tw(<l>L) + tr-170 

(7] tcdf = tw(<l>L) +tr - 70 

(SJ 1w (MRL) = 1c - JO 

19 ] 1w(MRH) = 1w(<i>H) •tr- 20 

(I I] 'mr = 21, • 'w(<l>H) • tr- 65 

Add IOnsec delay for each 50pf increase in load up to maximum of 200pf for data bus and I OOpf for 
address & control lines. Load c1rculf for Output 

E. Although static by design. testing guarantees tw(cJtH) of 200 µ.sec maximum 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES Tl080 THRU Tl085, TLOIOA THRU TL084A, 
Tl081B, Tl082B, Tl084B 

JFET-INPUT OPERATIONAL AMPLIFIERS 
BULLETIN NO. DL.S 12484, FSBRUARY 1977-REVISED OCTOBER 1979 

24 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES 

• Low Power Consumption 

• Wide Common-Mode and Differential 
Voltage Ranges 

• High Input Impedance ... JFET-lnput 
Stage 

• Internal Frequency Compensation (Except 
TLOSO, TLOSOA) • Low Input Bias and Offset Currents 

• Output Short-Circuit Protection • Latch-Up-Free Operation 

• High Slew Rate ... 13 V/µs Typ 

description 

The TL081 JFET-input operational amplifier family is designed to offer a wider selection than any previously 
developed operational amplifier family. Each of these JFET-input operational amplifiers incorporates well-matched, 
high-voltage JFET and bipolar transi·stors in a monolithic integrated circuit. The devices feature high slew rates, low 
input bias and offset currents, and low offset voltage temperature coefficient. Offset adjustment and external 
compensation options are available within the TL081 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. 

TL080, TLOBOA 
JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

Of~Sfl 

OU1 NULt 
f'Vl 11111, 

..ON vcc­
l'lfUll·-tN"'UT 'II><\/ 
CCNP, INPUT 

TL083, TL083A 
JORN DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

.V[ll!T NONllri QFFIEl Vc:c..- °"''" lllOloltJI wvun 
IMl VEl'lllHG HULL MJU,_ VEJIT._. _, 

-.iT _,,. 11&:1 JN2 N\IT N'IJT 

l'l•S I AID 13 ARE lllTER•ALLY lll'r£RCOllECTED 

NC-No interna! connecti'on 

TL081, TL081A,TL081B 
JG OR P DUAL·IN-LINE 
PACKAGE (TOP VIEW) 

()VT NUll 
Vee· PlJ1 iN21 

TL084. TL084A,TL084B 
J OR N DUAL-IN-1,.INE 
ORW FLAT PACKAGE 

(TOP VIEW) 
tlllVUl'l M:lflll't IC*llrt IN'Vlln 

ING vunwc. YfFIT...:; ING 
OIJTl"Ul lf9'\l1" IM"UT Vc:c~ ""'11 IW\.IT ounvt 

CIUTJllJT W1.11n flOfrill't "cc· IC»NW ...,fAT·OUlJ'U'I' 
*Ci VE"llflllG. Vf:lflTM:i W(l 
-vt -.i' ~ ~ 

TL082,TL082A,TL082B 
JG OR F DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

.... 
OUT llVV IN\I 

VCC• JIUT INlll'IJl !WOT 

OUT INV M0"1 Vee~ 

""' ......,, tN'1 ,...,, 

TL085 
N DUAL-IN-LINE 

PACKAGE (TOP VIEW) 
IWVEll:l·t«lflllfr; NOJjili'< ~V(JlT 

lfllG \llRllfllC OIJT OUT VERTll«l llllG 
tlPV'I INl'V'T l'Ul llct• l'UT IWl.Jl ~ 

OUT MONllrt IWV!RT Vcc­
'VT Vfl'ITINO IHC """ _,., 

Copyright© 1979 by Texas lnstrumenu Incorporated 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

172 



TYPES TLOBO THRU TL085, TLOBOA THRU TL084A, 
TL081B, TL0828, TL084B 
JFET-INPUT OPERATIONAL AMPLIFIERS 

schematic (each amplifier) 

NONINVEATING 
INPUT o------+----~ 

INVERTING 
INPUT 

TLOIOONLY OFFSETNULL..~N2) o---{

OFFSET NU!..LICOMP IN1, 

Vee-

,-

OFFSfT 
NULL 
(Nll 

1080 ll 

OFFSET 
NULL 
IN21 

TL061 AND TL083 ONLY 

C) ,. 18 pF ON TL081, TL082 TL083. TLQ8.4, ANO TL085 ONLY 
COMPONENT VALUES SHOW"" ARE NOMINAL 

absolute maximum ratings over operating free-air temperature range (unless ctherwise noted) 

TL08-C 

TL08_M TL08_1 TL08_AC 

TL08_BC 

Supply voltage, Vee+ (see Note 1) 18 18 18 

Supply voltage, Vee- (see Note 1) -18 -18 -18 

Differential input voltage (see Note 2} ±30 ±30 ±30 

Input voltage (see Notes 1 and 3) ±15 ±15 ± 15 

Duration of output short circuit (see Note 4) Unlimited Unlimited Unlimited 

Continuous total dissipation at (or below) 25°C free·air temperature (See Note 5) 680 680 680 

Oper~ting free-air temperature range -55 to 125 -25 to 85 0 to 70 

Storage temperature range -65 to 150 -65 to 150 -65 to 150 

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds I J, JG, or W package 300 300 300 

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds l Nor P package 260 260 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vee+ and Vee-· 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

UNIT 

v 
v ·-v 
v 

mW 
'c 
'c 
"C 

"c 

4. The outPut may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that 

the dissipation rating is not exceeded. 

5. For ·operation above 25cC free-air temperature, refer to Dissipation Oerating Table. In the J end JG packages, TLOB_M chips 

are ejloy-mounted; TL08_1, TLOB_C, TLOS_AC. and T1...08_BC chips are glass-mounted. 

DISSIPATION DE RATING TABLE 

PACKAGE 
POWER DE RATING ABOVE 

RATING FACTOR TA DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES 
J (Alloy-Mounted Chip I 680mW i1.omwtc 88°C 

J {Glass-Mounted Chip) 680mW 8.2 mwtc 67"C 
TLOBO TLOB1 TL082 TL083 TL084 TL085 

JG (Allov-Moumed Chip) 680mW 8.4 mWfC 69°C TL08-M JG JG JG J J, w 

JG (Glass-Mounted Chip) 680mW 6.6 mwrc 47°C TL08_1 JG, p JG, P JG, p J, N J, N 

N 680mW 9.2 mwtc 76°C TL08-C JG, p JG, p JG, p J, N J, N N 

p 680mW 8.0 mW(C 65°C TLOS_AC JG, p JG, P JG, p J, N J, N 

w 680mW 8.0 mwrc 65°C TL08-BC JG, P JG p J, N 

Also see Dissipation Derating Curves, Section 2. •These combinations are not defined by this data sheet. 
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TYPES TL080 THRU TL085, TLOBOA THRU TL084A. 
Tl081B, TL082B, Tl084B 

JFET-INPUT OPERATIONAL AMPLIFIERS 

electrical characteristics, Vee± = ± 15 V 

UNIT 

MIN TYP MAX Milli TYP MAX MIN TYP MAX 
'80 '81 ·-,B-2-'83--'-85-!.1-+-----3-----s" --3~-- 5 15 

Rs= 50 n, TL084 3 9 3 6 5 15 IT A= 25°C .... T~L~0~8-A--------~~'+---- ·31t 
Input offset voltage 

'81 B '828 '848 2 3 
t---------,a-o-:e''-,-.-.s~2-,.83-;-s-~-+-·------s~----------79-;--·---~20:c:-1 mV 

Rs= 50 n, TL084 15 9 20 

TA = full range 1-T'-"'L0;:.8='-A'----~+------+-------+-----~7"."'5_, 
'81 B,'82B,'84B 5 

TA=fullrange 10 10 10 L.vtc 
·~~~------- --·----=:;-t-----·---·-.c_-}-----· . I 

TLOB _ _t 5 100 5 100 _____ L_~g_ 

TLOB_A ---+- 5 100 pA 
'81 B,'828,'848 __J__-5--;oo-
~L_ 20r---- 101 5f--

T A= full range TLOB_A I 3 n.O. 

Temperature coefficient 
of input offset voltage Rs " 50 n, 

1------~ 
"VIO 

TA= 25°C 

Input offset current§ 

TLoa..:;:t • 3o 2<!0-r-- __ 3o 4gg.. 1 

'81 B '828 '848 ---30----'20Q . ' -----:::-t-· 
TL08-t -------~ 10 

Input bias current§ 

'818'828'848 --t-~ 3 

TLOB_A 30 200 :lA 

TA= full range TLOB_A ~ 1-------------<- l •g1 B,'82B,'s4s--+-·-------t----- ---- __ I 

TL08_:j: ±11 ±12 ±11 ±12 L--;;o-.. ±11 
TA = 25°C ~8-A . -- J_=.1_1 _.:_1.3_ __ 

'81B'82B'84B TI=±12 I 
TA= 25~+-lit ; 10 k'f~- -24-27-·-+-:14-27-- 27 

Maximum peak-to.peak -~--- v 

Common-mode input 
voltage range 

outPut voltage swing TA = full rar.ge ".!l. ;;. 1 O kn 24 ~· I 24 
24 I 

1--------------+------!-R~ 20 24 20 24 20 --··+---
AL;;. 2 kn, TL08_:j: 25 200 50 200 25 200 
Vo= t10 V, TL08_A --t-=-· -- ·50200-

Large-signal differential IA• 25°C '81B,'82B,'84B 50 200 
voltage amplification AL;;. 2 kn, ~:j: 15 25 --t--1_5 ____ _ 

Vo= ±10 V, TLOB_A -r-·-----~_L_. __ 

Avo V/mV 

TA= full range '81 B,'828,'848 25 
,__B-,---U-n-it-y--g-a-in-·b-a_n_d_w_i_d-th--<-T~A-=_2_5" __ C __ ,,__.____,_ 3 ·--J-·---1-----3----r--M--H-;--
l--''-'--·-.....;:;"'-'"--'""-';..:;::::.~"-":..:.;'--i-:~-"=,.-=------------+------·-t-----c---·- ----~----+-"-"-'-_..., 

Input resistance -~ 25°C ----r:;:;-· 101 2 10 1 :1 10 1 2 i n 
Common-mode rejection Rs;;. 10 kfl. TLOB_t 80. _ _f§ ___ -t-_!!9. ____ 8_G __ .-l-c:-70cc--76cc---

o , ' TLOB_A BO 86 
TA= 25 C '816 '828 '84B ---+-·---------r--8-0--8-6c----i 

TLoB J.: , ---+-=-__ 8_0" ___ 86 __ -+_8_0 __ 8_6_·:-_-_-_,__70 __ 7_6 __ ·--1 
Supply voltage rejection Rs ;;. 10 kn, TLOB_A 80 86 dB 

,. 

CMRA 
ratio dB 

ksvR 
ratio(AVcc±/AV1ol TA=25°C '81B,'82B,'84B 80 86 

1-----S-u_p_p-ly_c_u_rr_e-nt ___ __,_N_o_l_o_a·d-.---~-:N-o-si~g-na-I~, '------+-------+------·-~---- t---1 
1cc (per amplifier) TA= 25.c 1.4 2.8 1.4 2.8 1.4 2.8 mA 

Avo=100, TA=25°C 120 dB V 0 1 /V o2 Chanrtel separation 120 
--··-~--------'------' 

120 

t All characteristics are specified under open.loop conditions unlen otherwise noted, Full range for TA iii -55°C to 125°C for TL08_ M; 

-25°C to 85°C for TL08_1; and 0°C to 70°C for TL08_C;TL08_AC, and TLOS_BC. 

:1: Types 1"L0851 and TL085M are not defined by this data sheet. 

§ Input bias currents of a FET-input operational amplifier ere normal junction reverse currents, which are tempereture sensitive as shown in 

f:lgure 18. Puls• techniqu&1 mutt b& used that will maintain the junction temperatu,.e as close to the ambient temperature es is possible. 
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TYPES TLOBO THRU Tl085, TLOBOA THRU TL084A, 
TL0818, TL082B, TL084B 
JFET-INPUT OPERATIONAL AMPLIFIERS 
operating characteristics, VCC± ""± 15 V, TA"" 25° C 

PARAMETER TEST CONDITIONS 
MIN 

TL08_M 

TVP MAX 

SR Slew rate at unity gain 
V1•10V, RL = 2 kn, 

8 13 
CL= 100 pF, See Figure 1 

'r Rise time V1=20mV, RL = 2 kl1, 0.1 

Overshoot factor ~ • 100pF, See Figure 1 1()% 

Vn EQuivalent input noi• volt191 Rs• 1oon. f = 1 kHz 25 

ALL OTHERS 

MIN TVP MAX 
UNIT 

13 v1,,., 

0.1 ,,.. 
10% 

25 nV/.jHz 

PARAMETER MEASUREMENT INFORMATION 

I 
I 

L-~(J 
Cc=12pF 
for TL080 
andTLOSOA 

10kn 

FIGURE 1-UNITV-GAIN AMPLIFIER FIGURE 2-GAIN-OF·10 INVERTING AMPLIFIER 

2Mn 

FIGURE3 

INPUT OFFSET VOLTAGE NULL CIRCUITS 

Vee-

FIGURE4 
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TYPES TLOIO THRU Tl086, TLOIOA THAU Tl084A, 
TL0818, Tl0828, TL084B 

JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 
0.5-Hz SQUARE-WAVE OSCILLATOR 

AF• 100 kn 

+15V 

OUTPUT 

INPUT 

3.3kn 
A1=A2=2A:i=1.5Mn 

C3 
C1 = C2 = 2 = 110 pF 

1 
fo = 21T A 1 C1 '= 1 kHz 

FIGURE 24-0,S•Ht SQUARE.WAVE OSCILLATOR FIGURE 25-HIGH.Q NOTCH FILTER 

ss.4 kn 

!Mn 

lµF 

INPUT o--11----tl----t-
100kn 

IOOµF T 
.,... 

1ookn 

tor TL085 
FIGURE 26-AUDIO DISTRIBUTION AMPLIFIER 

18 pl' 

6 sin wt 

18 pF 

88.4 kn 

88.4kn 

1N4148 1 B kn (See Note Al 

.--~+ml--~ ... ~--'Vl/l..--~0-15V 

18 pF 
1 kn 

1 kn 

'--~--t-~~~ .... -'IN11~~-0+15v 
1N4148 1s kn tSee Note Al 

Note A: These resistor values may be adjusted for a ~ymmetricat output. 

FIGURE 27-100«Hz QUADRATURE OSCILLATOR 
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nPES Tllll THRO Tl085. TlDllA THRU Tll84A. 
Tlll18. TlllZB. TLll4B 
JFET-l•PUT OPERATIONAL AMPLIFIERS 

...... 

Ul>n 

t orTL085 

TYPICAL APPLICATION DATA ...... 

OUTPUT A 

--
21<Hzldiw 

SECOND-ORDER SANOPASS FILTER 

311k0 

VCC+ 

"CC-

OIJTPU1" 
A 

1.5"'1 

. .... 

Vee-

OUTPUTB 

2kHz/diY 
CASCADED BANDPASS FILTER 

f 0 = 100 kHz. Q •JO. GAIN = 4 t 0 = 100 kHz,. Q = 69. GAIN = 16 

271<U 

FIGURE 28-l'OSITIYE-H:EDBACI< BANDPASS FILTER 

.... 

..... 
.... = ~---+-___ .....__...,....~ 

+ 

MAX .--n---' 
1UJ3,,f 

10tlll 

.J.3k0 

Str.a ;..__Jl:-----------~ 
GAIN.....--. 

FIGURE 29-IC PREAMP\.IFIER 
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SCHOTTKYt 
PROMS 

SERIES 14 AND 18 
PROGRAMMABLE READ-ONLY MEMORIES 

JUNE 1981 

• Titanium-Tungsten (Ti-W) Fuse Link For Re­
liable Low-Voltage Full Family Compatible 
Programming 

• Applications Include: 
Microprogramming/Firmware Loaders 
Code Converters/Character Generators 
Translators/Emulators 

• Full Decoding And Fast Chip Select Simplify 
System Design 

Address Mapping/Look-Up Tables 

• P-N-P Inputs For Reduced Loading On System 
Buffers/Drivers 

NEW TYPE NUMBER OLD TYPE NUMBER 
BIT SIZE OUTPUT 

TYPICAL PERFORMANCE 

0°C to 70°C 0°C to 70°C {ORGANIZA TIONI CONFIGURATIONt 
ADDRESS POWER 

ACCESS TIME DISSIPATION 

TBP1 BSA030 (J, N)• SN74S188 (J, NI 256 Bits 0 
TBP185030 (J, NI• V' 

25 ns 400mW 
SN74S288 (J, NI (32W X BBi 

TBP14S10 (J, NI• SN74S287 (J, NI 1024 Bits V' 
TBP14SA10 (J, N)• SN74S387 (J, NI (256W X 4B) 0 

42 ns 500mW 

TBP18SA22 IJ, N)• SN74S470 IJ, N) 2048 Bits Q 
TBP18522 (J, N 1• V' 

50 ns 550mW 
SN74S471 IJ, N) (256W X 8BI 

TBP18S42 IJ, NI• SN745472 IJ, N) 4096 Bits V' 
TBP18SA42 (J, N)• SN745473 IJ, NI (512W X 881 0 

55 ns 600mW 

TBP18546 IJ, NI• SN74S474 (J, NI 4096 Bits V' 
TBP18SA46 IJ, NI• Q 55 ns 600mW 

SN74S475 IJ, NI (512W X 881 

•For full temperature parts (-55°C to +125°C) use suffix MJ. For devices with MIL-STD 8838 processing (-55''c to+ 125-::C) see page 2-3. 

1 Q =open collector, \J =three state, 

TBP18SA030,TBP18SOJO 
256 BITS 

(32 WORDS BY 8 BITSI 
(TOP VIEW) 

TBP14S10,TBP14SA10 
1024 BITS 

(256 WORDS BY 4 BITSI 
ITOP VIEW) 

TBP18SA22,T3P18S22 
2048 BITS 

(256 WORDS BY 8 BITSI 
(TOP VIEWI 

TBP18S42, TBP18SA42 
4096 BITS 

(512 WORDS BY 8 BITSI 
{TOP VIEW) 

TBP18S46,TBP18SA46 
40%BITS 

{512 WORDS BY 8 BITS) 
(TOP VIEWI 

Pin auignmenb for ell of these memori8'5 are the same for the J and N packages. See Product Guide, Section 7, for chip carrier pin asaignments. 

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-clamped 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-<:ompatible p-n-p inputs, choice of bus-driving three-state or open-co!lector outputs, and 
improved chip-select access times. 

The high.,;omplexity 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-tine package having pin-row spacings of 0.300 inch (7,62 mm). 

Copyright© 1981 by Texu Instruments Incorporated 

TEXAS INSTRUMENTS t1ntegrated Schottky-Barrier diode· 

INCORPORA-YED 
clamped tranststor is patented by Texas 
Instruments. U.S. Patent Number 

POST OFFICE BOX 225017 • DALLAS TEXAS 75265 3,463,975. 
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SERIES 14 AND 18 
PROGRAMMABLE READ-ONLY MEMORIES 

logic symbols 

TBP14S10 TBP18S22 
TBP18S030 

,!al 

l~ 
nz .. 0' 

H7 0, A3 
02 

}·~ 
O> u A.\,' 02 
03 .. ., 

"" 
' 

00 

'" "' "' 

TBP14SA10 T8P18SA22 

TBP18SA030 

., 
A2 •Q l>Z 

"' .. 
°' •Q o• A3 

}·! 02 •Q " 02 
03 •Q 191 "' 

" 
05 

Al . 
02 

O• 

TBP18S46 

TBP1BS42 

°' '" 

}~ 
., 02 .. 

02 
.. 

Ill 
.. 

0, .. 

TBP18SA42 
"'OM ~12 )C. 

,.,, 

}m 
00 

., 01 

02 

03 

"' ao 

"' 07 .. 
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SERIES 14 AND • 
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 TBP14SA 10 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 irreversible; Qr1Ce altered. the output for that bit location is permanently program­
med. Outputs 1hat have never been altered may later be programmed to supply the apposite output level. Operation of 
the unit within the recommended operating conditions will not alter the memory content. 

A low level at the chip-select input ls} enables each PROM. The opposite level at any chip-select input causes the outputs 
to be off. 

The 1hree-sme DU1put offers the c:onvenie.- of an open-collector OUlpUt with the speed of a totem-pole outpUt; it can 
be bus-connected to other similar DU1putS yet it retains 1he fast rise time characteristic of the TTL totem-pole outpUt. 
The open-collector output offers the capability of direct interface with a data line having a passive pull-up. 

schamatic:s of inpu1S and Olltpu1s 

EQUIVALENT OF 
EACH INPUT 

TYPICAL OF ALL 
OPEN-COLLECTOR OUTPU1S 

-~OUTPUT 

TYPICAL OF ALL 
THREE~TATEOUTPUTS 

al;isolute maximum ndings over Openmn9 free-air temperatUre range (unless otherwise noted) 

, Supply,vo!Jage (see Note 11 •.••••••• __ • _ •...•••• _. _ ..•.•• _ .• _....... . . . . . . • . . . . . . . • 7V 
,Input voltage •..•.••••.••.••.•.••.••....•••••..•..•.• _ .... _ •••..•..... _ ....... 5.SV 
Ott-state output voltage, , : ••• ., • • • • • . • • • . • • . . • . • . . • . . . • . • . . • • • • • • . • . . • • • • . • . . • . . • • . • 5.5V 
Operating free,air, teml>erature range: Full-temperatUre-r.inge circuits . • . • . . . . . . . . . . . . • . . -55°C to 125°C 

, , , CommerciaHemperature-r.mge circuits .. '. • . . • • . . . • • . • . . 0°C to 70°C 
St0rage temperature range •. ,_ • _ •. _ ••.••.•.• : •••.•..••.••••..•..• ~ .• ., • _ • • . . -65:C to 150°C 

recommended concl"'ltions for programming the TBP18S'. TBP18SA', TBP14S'. and TBP14SA' PROMs 

MIN NOM MAX UNIT 

Supply val-. Vee (see Note 1} 
Steadw' state 4.15 5 5.25 v 
PJOgo'-pulR 9 9.25 9.5 ._ .... _ High-.VIH 2.4 5 

v 
l.Gw-.VIL 0 0,5 

T-iion of all -ex£llPI the one 10 be fll'Ggrammed 
See load cwcuit 

IF111Ure 11 

Voll8gt applied 10 output to be--· YOf.J!!.! I-N- 21 0 0.25 0.3 v 
Dundion of ~-qpui. X 1_ F .. re2 _ N_ 31 15 25 100 ,. 
............. duty cycle for y ...... 25 35 " F,...;r- 20 25 30 •c 

1' A......_ m .. imum rdna. 

NOTES: 1. v..._ - ... - - ... - _ .... mrminal. The........,, .. ..._ ....... - not -y durkltt ... _.......ma. 
2. The TBP1E030. TBP18S-. TBP18SA22. TBP1,8S22. TBP1116<12. TBP18SM2. TBP1- - TBP185Aoe6..., su-Md -

all bit IKlltionscontaining• law logic 111¥ .. ,.end progr.-nmifllll •bit~ the OU'IPU1: of the bit 10 high logic ._..~The TBP14510. 

TBP14SA 10 .. supplied with •II bit outPuts at a high iogic leVel .. and programmilig e bit ch.,.._ it to a low logic: level~ 

a Pr ........... lng is ..,..._,teecl if the pulse •Plied• 98 "5 in duration. 

TEXAS INSTRUMENTS 
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SERIES 14 AND 18 
PROGRAMMABLE READ-ONLY MEMORIES 

step-by-step programming procedure for the TBP18SA030. TBP18S030, TBP14S10, TBP14SA 10, 
TBP18SA22.TBP18S22,TBP18SA42.TBP18S42,TBP18S46,TBP18SA46 

l. Apply steady-state supply voltage !Vee= 5 VI and address the word to be programmed. 

2. Verify that the bit location needs to be programmed. If not. proceed to the next bit. 

3. If the bit requires programming, disable the outputs by applying a high-logic-level voltage to the chip-select 
input(s). 

4. Only one bit location is programmed at a time. Connect each output not being programmed to 5 V through 

19 kfl. and apply the voltage specified in the table to the output to be programmed. Maximum current into 1he 

programmer output is 150 mA. 

5. Step Vee to 9.25 nominal. Maximum supply current required during programming is 750 mA.. 

6. Apply a low-logic-level voltage to the chip-select input(sl. This should occur between 1 ps and 1 ms after Vee 
has '"ached its 9.25 level. See programmong sequence of Figure 2. 

1. After the X pulse time is reached. a high logic level is applied to the chip-select inputs to disable the outputs. 

8. Within the range of 1 µs to i ms after the chip-select inputlsl reach a high l09ic level, Vee should be stepped 

down to 5 V at which level verification can be accomplished. 

9. The chip-select input(sl may be tak.en ta a low logic level Ito permit program verification! 1 µs or more after 

Vee <each~ it.s <teady-state 'iatiue of 5 V. 

10. At a Y pulse duty cvde of 35% or iess, repeat steps t through 8 for each outpUt where it is desired to progf"am 

abif. 

11. Verify accurate programming of e.ery word after all words have bl!etl programmed using Vee values of 4.5 and 

5.5volts. 

sv 

OUTPUT J 19 IU! 

LOAD CIRCUIT FOR EACH OUTPUT 
NOT BEING PROGRAMMED OR FOR 
PROGRAM VEIUFICATION 

FIGURE 1 - LOAD CIRCUIT 

-------3Y TYPICAL _____ ., 

li-•---0! .. '-V·ERIFY PROGRAM 
I REMOVE Vee TO 

.._.;.--~--.,; EDUCE AVERAGE 

REMOVE 

voc...-1 

POWER 

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 

PARAMETER 
TBP14S10, TBP18S22 TBP18SOJO TBP1BS42, TBP1BS46 

UNIT 
MIN NOM MAX MIN NOM MAX MIN NOM MAX 

MJ 4.5 5 5.5 4.5 5 5.5 4.5 5 5.5 
Supply volt•ge. Vee v 

J, N 4.75 5 5.25 4.75 5 5.25 4.75 5 5.25 

MJ -2 -2 -2 
High-level output current, IQH mA 

J, N ~.5 ~.5 --£.5 

Low-level outPUt current, IQL 16 20 12 mA 

MJ -55 125 -55 125 -55 125 cc Operating free-air temperature, TA 
J. N 0 70 0 70 0 70 

electrical characteristics over recommended operating free-i,iir temperature range (unless otherwise noted) 
FULL TEMP COMM. TEMP 

PARAMETER TEST CONOITIONSt (MJ) IJ. NI UNIT 

MIN TYP' MAX MIN TYP' MAX 

V1H High-level input voltage 2 2 v 
VIL Low-level input voltage 0.8 0.8 v 
V1K Input clamp voltage Vee= MIN, 11 = -18mA -1.2 -1.2 v 

VoH High-level output voltage 
Vee= MIN, V1H=2V, 

2.4 3.4 2.4 3.2 v 
V1L=0.8V, IQH =MAX 

Vol Low-level output voltage 
Vee= MIN, V1H = 2 V. 

0.5 0.5 v 
VIL= 0.8 V, loL =MAX 

IQZH 
Off-state output current, Vee= MAX, V1H=2V. 

50 50 µA 
high-level voltage applied Vo=2.4V 

iozL 
Off-state output current, Vee= MAX, V1H = 2 V, 

-50 -50 µA 
low-level voltage applied Vo=0.5V 

11 
Input current at maximum 

Vee= MAX. V1 = 5.5 V 1 1 mA 
input voltage 

llH High-level input current Vee= MAX, V1=2.7V 25 25 µA 

l1L Low-level input current Vee= MAX. v, = 0.5 v -250 -250 µA 

'os Short-circuit output currents'l Vee= MAX -30 -100 -30 -100 mA 

Vee= MAX. TBP14S10 100 135 100 135 

ChiP. select{s) at 0 V, TBP18S030 80 110 80 110 
Ice Supply current mA 

Outputs open, TBP18S22 110 155 110 155 

See Note 4 TBPl 8542, TBP18546 120 155 120 155 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 
la(A) Ins) la(S) Ins) tpxz (ns) 

Access time from Access time from Disable time from 
TYPE TEST CONDITIONS UNIT 

address chip 1el&C1: (enable time} high or low level 

MIN TYP* MAX MIN TYP' MAX MIN TYP' MAX 

T8P14S10MJ 42 75 15 40 12 40 ns 

TBP14S10 42 65 15 35 12 35 ns 

TBPl 8S030MJ 
CL =30pF for 

25 50 12 30 8 30 ns 

TBP18S030 ta(A) and ta(S), 25 40 12 25 8 20 ns 

TBP18S22MJ 
5 pF for tpxz, 50 80 20 40 15 35 ns 

TBP18S22 
See Page 1-12 

50 70 20 35 15 30 ns 

TBP18S42MJ, Tl!P18S46MJ 55 S5 20 45 15 40 ns 

TSP 18S42, TSP 1 SS46 55 75 20 40 15 35 ns 

NOTE: MJ designates full-temperature-range circuit5 (formerly 54 Family), J end N designate commercial-temperature-range circuits 
I formerly 74 Family). 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
*All typical values are at Vee= 5 V, TA"" 25°C. 
§Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second, 
NOTE 4: The typical values of Ice are with al! outPuts low. 
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SERIES 14 AND 18 
PROGRAMMABLE READ-ONLY MEMORIES 
WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

TBP14SA10,TBP18SA22 
PARAMETER 

MIN NOM MAX 

lMJ 4.5 5 5.5 
Supply voltage, V CC l J, N 4.75 5 5.25 

High-level output voltage, VoH 5.5 

Low-level output current, 1QL 16 

1MJ -55 125 
Operating free-air temperature, TA l J, N 0 70 

MIN 

4.5 

4.75 

-55 

0 

TBP18SA030 TBP18SA42, TBP18SA46 
UNIT 

NOM MAX MIN NOM MAX 

5 5.5 4.5 5 5.5 
v 

5 5.25 4.75 5 5.25 

5.5 5.5 v 
20 16 mA 

125 -55 125 
'c 

70 0 70 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONst MIN TYP' MAX UNIT 

V1H High-level input voltage 2 v 
VIL Low-level input voltage 0.8 v 
V1K Input clamp voltage Vee= MIN, 11 = -18mA -1.2 v 

Vee= MIN, 
VoH=2.4V 50 

IOH High-level output current V1H=2V, 
100 

µ.A 

V1L=0.8V 
VoH = 5.5V 

Vol Low-level output voltage 
Vee= MIN, V1H = 2 V, 

0.5 v 
V1L = 0.8 V, IOL =MAX 

11 Input current at maximum ir.put voltage Vee= MAX, V1=5.5V 1 mA 

l1H High-!e"e! input current Vee= MAX, V1=2.'V 25 µ.A 

l1L Low-level input: current Vee= MAX, V1 = 0.5 V -250 µA 

Vee= MAX, TBP18SA030 80 110 

Chip select~s) at 0 V, TBP14SA10 100 135 
1ce Supply current mA 

Outputs open, TBP18SA22 110 155 

See Note 4 TBP18SA42,TSP18SA46 120 155 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

laiS) 
IPLH 

1aiAl Access time from 
Propagation delay time, 

TEST Access time from low-to-high-level out-
TYPE chip select UNIT 

CONDITIONS addr11SS put from chip select 
(er.?ble time) 

(disable time) 

MIN TvP• MAX MIN TYP' MAX MIN TYP' MAX 

TSP 18SA030MJ 25 50 12 30 12 30 ns 

TBP18SA030 25 40 12 25 12 25 ns 

TBP14SA 1 OMJ 
CL= 30pF, 

42 75 15 40 15 40 ns 

TSP14SA10 
Ru =3oon, 

42 65 15 35 15 35 ns 

TSP 18SA22MJ 
RL2=600n, 

50 80 20 40 15 35 ns 

TBPSA22 
SeePagel-12 

50 70 20 35 15 30 ns 

TBP18SA42MJ, TBP18SA46MJ 55 85 20 45 15 40 ns 

TBP18SA42, TSP18SA46 55 75 20 40 15 35 ns 

NOTE: MJ designates full-tamoeratur•range circuits (formerly 54 Famlly), J and N dHignata commercial-temperature-range circuits (formerly 

74 Family). 

t For conditions shown as MIN or MAX, use the appropriate value specified und.,.- recommended operating conditions. 

*'All typical values are at Vee= 5 v, TA"' 2s"c. 
NOTE 4: The tvpical values of 1 CC are with all output !ow. 
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APPENDIX 2 ENGINEERING DRAWINGS 

1. BLOCK DIAGRAM 

2. LNW80 PRINTED CIRCUIT BOAR;> SCHEMATIC PAGE 1 Of 4 

3. LNW80 PRINTED CIRCUIT BOARD SCHEMATIC PAGE 2 OF It 

4. LNW80 PRINTED CIRCUIT BOARD SCHEMATIC PAGE 3 OF 4 

5. LNW80 PRI!HED CIRCUIT BOARD SCHEMATIC PAGE 4 CIF 4 

6. KEYBOARD SCHEMATIC 

7. EXPANSION BOARD SCHEMATIC PAGE 1 OF 2 

8. EXPANSION BOARD SCHEMATIC PAGE 2 OF 2 

9. LNDOUBLER 5/8 SCHEMATICS 

10. TOP ASSEMBLY LNW80 

11. LNWBO PRINTED CIRCUIT BOARD COMPONENT SIDE 

12. LNW80 PRINTED CIRCUIT BOARD SOLDER SIDE 

13. LNW80 PRINTED CIRCUIT BOARD ASSEMBLY DRAWING 

14. LNW80 PRINTED CIRCUIT BOARD ASSEMBLY DRAWING 

15. SYSTEM EXPANSION PRINTED CIRCUIT BOARD COMPONENT SIDE 

16. SYSTEM EXPANSION PRINTED CIRCUIT BOARD SOLDER SIDE 

17. EXPANSION FINAL ASSEMBLY DRAWING 

18. LNDOUBLER 5/8 PRINTED CIRCUIT BOARD 
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P'A,..NT © 1970 LNW RESEARCH 
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