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8275
PROGRAMMABLE CRT CONTROLLER

s Programmable Screen and Character

Format

s 6 Independent Visual Field Attributes

m 11 Visual Character Attributes
(Graphic Capability)

» Cursor Control (4 Types)
» Light Pen Detection and Registers

= Fully MCS-80™ and MCs-85™
Compatible

m Dual Row Buffers
m Programmable DMA Burst Mode

= Single + 5V Supply
= 40-Pin Package

The Intel® 8275 Programmable CRT Controller is a single chip device to interface CRT raster scan displays with
Intel®* microcomputer systems. Its primary function Is to refresh the display by buffering the information from main
memory and keeping track of the display position of the screen. The flexibility designed into the 8275 will allow simple
interlace to almost any raster scan CRT display with a minimum of external hardware and software overhead.

PIN CONFIGURATION

S

ez O w0 [0 vee
tez 2 » [ Lag
Lc1 s 38 [J LAy
Lcp O]« 37 [JLTEN
DRO [ 5 3 [JAVY
DACK (s s [ vsp
HRTC [} 7 3 [J GPAy
VRTC [ 21 [] GPap
AD o 3z ) HLGT
WA Qw g27s M [JIRQ
LPEN [} 11 30 [J CCLK
DBg [ 1z [ ccg
D811 2 [)ces
DBz [ 270 ccy
v DBz [ s % [J CC3
DBg [ s 25 [] cC2
DBs [ 17 24 [Jccy
DBg [ 1 za[Jcey
DBy [ 19 2[]¢%
GND [ 20 2] Ap
PIN NAMES
Dfig_y | BI-DIMECTIONAL DATA BUS LCp—3 | LINE COUNTER OUTPUTE
DRO DMA AFOUTST QUTPUT LAg_1 | LINE ATTRIBUTF OUTPUTS
"S'ﬂ.'i DM s ACHNOWLEDGE INPUT HATC HORIZONT AL RETRACE DUTPUT
(LT INTERAUPT ALOUEST OUTPUT YRIC VERTICAL RETRACY OUTPUT
L= READ STROBE INPUT HLGT MIGHLIGHT DUTPUT
wR WRITE STROBE IWPUT ] PIVIASE VIDEO OUTPUT
Ay ALGISTE R ADDRESS iwrUT LTEN LIGHT ENABLE OUTPUT
[=] CHM® SILECT iveuT Ve VIDEO SUFFAESS DUTPUT
CCLm CHARACTER CLOCK INFUT OFAg.1 | GENFRAL PURPOSE ATTRIBUTE DUTPUTE
Co.g CHARACTIN COOE OUTPUTS PN LIGHT 1 EN INFUT

BLOCK DIAGRAM

(2180 x 8
ROWRUFFEAS
DATA BUFFER BUFFER
Doy aus weut || outeut
1 & s == I e conTmow— SCo-8
LER LER
- nwxy
\ FIFOL

Loaic RASTER TIMING

AND
VIDED CONTROL
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PIN DESCRIPTIONS

Pin # Pin Name /O

Pin Description

Pin # Pin Name /10

Pin Description

LB RS R

10

12
13
14
15
16
17
18
19

LC3 (o]
LCy
LCy
LCo
DRQ o

DACK I

HRTC o]

VRTC - 0

3l 3l

LPEN I

DBg /o
DBy
DBp
DB3
DBg
DBg
DBg
D87

Ground

Line count. Output from the line count-
er which is used to address the character
generator for the line positions on the
screen,

DMA request. Output signal to the B257
DMA controller requesting s DMA cycle,

DMA  acknowledge. Input signal from
the 8257 DMA ] K ledging
that the requested DMA cycle has been
granted.

Horizontal retrace. Output signal which
is active during the programmed hori-
zontal retrace interval, During this peri-
od the VSP output is high and the
LTEN output is low.

Vertical retrace. Output signal which is
active during the programmed wvertical
retrace interval. During this period the
VSP output is high and the LTEN out-
put is low.

Read input. A control signal to read
registers.

Write input. A control signal to write
commands into the control registers or
write data into the row buffers during a
DMA cycle.

Light pen. Input signal from the CRT
system signifying that a light pen signal
has been detected.

Bi-directional three-state data bus lines.
The outputs are enabled during a read of
the C or P pors.

Ground

40

38
38

37

35

8%

32

3
30

27
25

24
23

21

Vee

LAg o
LAy

LTEN o]
RVV o]
vsp (o]
GPA, (o]
GPAg

HLGT  ©
IRQ (o]
CCLK |
cCg o
cCs

CCq

CC3

cCy

CCy

CCo

cs l
Ag ]

+5V power supply

Line attribute codes. These attripy:,
codes have to be decoded externaliy by
the dot/timing logic to generate 1n.
horizental and vertical line combinatigns
for the graphic displays specified by the
character attribute codes.

Light enable. Output signal used 1o
enable the video signal 1o the CRT, Th,
output is active at the programmes
underline cursor position, and a1 po
tions specified by attribute codes.

Reverse video. Output signal used 1o
indicate the CRT circuitry 10 reverse he
video signal. This output is active at 1he
cursor position if a reverse video biocs
cursor is programmad or a1 the position;
specified by the field attribute codey

Video suppression. Output signal used 1o

blank the video signal to the CRT, Th,

output is active:

— during the horizontal and vertical re.
trace intervals.

— at the top and bottom lines ol rows it
underline is programmed 10 be number
B or greater.

— when an end of row or end of screen
code is detected.

= When a DMA underrun occurs.

— &t regular intervals {1/16 frame fre.
quency for cursor, 1/32 frame fre.
quency for character and field ane.
butes) — to create blinking display
as specified by cursor, character an-
bute, or field attribute programming.

General purpose artribute codes. Qui
puts which are enabled by the generai
purpose field attribute codes.

Highlight. Dutput signal used to intens:
ty the display at particular positions on
the screen as specified by the charocier
attribute codes or field attribute coder

Interrupt request.
Character clock {from dot/timing logicl

Character codes. Output from the row
bufiers used for character selection n
the character generator.

Chip select. The read and write are en-
abled by CS.

Port address. A high input on Ag selects
the “'C" port or command registers and &
low input selects the “P" port or param-
eter registers,
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FUNCTIONAL DESCRIPTION

Data Bus Buffer
This 3-state, bidirectional, B-bit buffer is used to interface

the 8275 to the system Data Bus.

This functional block accepts inputs from the System Con-
trol Bus and generates control signals for overall device
operation. It contains the Command, Parameter, and Status
Registers that store the various control formats for the
device functional definition.

Ag OPERATION REGISTER
0 Read PREG

0 Write PREG

1 Resd SREG

1 Write CREG

ﬁatﬂead}

A "low” on this input informs the 8275 that the CPU is
reading data or status information from the 8275,

WR (Write)
A “low" on this input informs the B275 that the CPU is
writing data or control words to the B275.

¢S (Chip Select)

A “low" on this input selects the 8275, No reading or writ-
ng will occur unless the device is selected. When CS is high,
e Data Bus in the float state and RD and WR will have no
eifect on the chip.

DRQ (DMA Request)
A “high” on this output informs the DMA Controller that
the B275 desires a DMA transfer.

DACK (DMA Acknowledge)

A“low" on this input informs the B275 that a DMA cycle
41N progress.

IRQ (Interrupt Request)

A “high” on this output informs the CPU that the 8275
desires interrupt service. *

- ’ CHARACTER
—~—r | COUNTER I TR o

b 7B0x®

! ROWBUFFERS
- i
DATA BUFFER BUFFER
[oBoy N mus KA [ weuT | OUTRUT = g,

BUFFER

R COUNTER Loo-a

{ ! m
D =—=d  READ/ ¢

WRITE/ .

WR—e  DMA [ ) Lagy
CONTROL —= WATC

ag—f tOGIC RASTER TIMING  |—= VHTC

D AND == HLGT

viogoconTRoL [ BYN

S | =

= [ OPag

F T
F
Lﬁ.... el id T \

Figure 1. 8275 Block Diagram Showing Data Bus Buffer
and Read/Write Funclions

Ag RD WR CsS
0 1 ] 0  Write 8275 Parameter
‘o D 1 0 Read 8275 Parameter
1 1 0 0  Write 8275 Command
1 0 1 0  Read 8275 Status
X 1 1 0  Three-State
X X X 1 Three-state
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Character Counter

The Character Counter is a programmable counter that is
used 1o determine the number of characters to be displayed
per row and the length of the horizontal retrace interval, It
is driven by the CCLK (Character Clock) input, which
should be a derivative of the external dot clock.

. Line Counter

The Line Counter is a programmable counter that is used to
determine the number of horizontal lines [Sweeps) per
character row. Its outputs are used to address the external
character generator ROM.

Row Counter

The Row Counter is a programmable counter that is used to

| determine the number of character rows to be displayad par

frame and length of the vertical retrace interval.

Light Pen Registers

The Light Pen Registers are two registers that store the con-

‘tents of the character counter and the row counter when-

ever there is a rising edge on the LPEN (Light Pen) input.

Note: Software correction is required.

Raster Timing and Video Controls

The Raster Timing circuitry controls the timing of the

HRTC (Horizontal Retrace) and VRTC (Vertical Retrace)

outputs, The Video Control circuitry controls the genera-

tion of LAg_ (Line Attribute), HGLT (Highlight), RVV

(Reverse Video), LTEN (Light Enable), VSP (Video Sup-

press), and GPAg_; (General Purpose Attribute) outputs.
\

Row Buffers

The Row Buffers are two B0 character buffers. They are
filled from the microcomputer system memory with the
character codes to be displayed. While one row buffer is
displaying a row of characters, the other is being filled with
the next row of characters.

CHARACTER 5
e l COUNTER k o

2180 %8 __
TOWBUFFERS
DATA BUFFER |[ BUFFER
P s = ~—| weur || outPur p—
Doy hors —contnod |[controL — “
BUFFER
LER LER
~JUWET
FIFOL
DRO
| Dafk
» mn-—-—‘
|2
SR ——q meaoy
£ WRITES
4 T —g| DMa =
f CONTHOL L
- LOGIC AASTER TIMING [ VAIL
I Ag —— = AND — WL
B viDEO CONTROL [ A¥Y
b b4 p— !\.'lssn
B—I L

1 ]
, NeEEEE

Figure 2. 8275 Block Diagram Showing Counter and
Register Functions

FIFOs

There are two 16 character FIFOs in the 8275. They are
used to provide extra row buffer length in the Transparen
Attribute Mode (see Detailed Operation section).

Buffer Input/Output Controllers

The Buffer Input/Output Controllers decode the characten
being placed in the row buffers. If the character is a chaiac
ter attribute, field attribute or special code, these con
trollers control the appropriate action. (Examples: An
“End of Screen—Stop DMA™ special code will cause the
Buffer Input Controller to stop further DMA requests. A
“Highlight”* field attribute will cause the Buffer Output
Controller to activate the HGLT output.)
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SYSTEM OPERATION

The 8275 is programmable to a large number of different It is designed to interface with the 8257 DMA Controller

display formats, It provides raster timing, display row buf- and standard character generator ROMs for dot matrix ,
fering, visual attribute decoding, cursor timing, and light decoding. Dot level timing must be provided by external R
pen detection, circuitry, "0 Fa
e i, ¥
MEMORIES

g

( SYSTEM BUS O

oW DBg_7
| MEMW Wh
IOR RD
cs [
HRQ IRQ
HACK
DRQ LCo_3
8257 VIDEO SIGNAL
DMA CHARACTER
CONTROLLER |  DACR GENERATOR :> ==
—~ HORIZONTAL SYNC
| ?;‘:? CCog DOT —_—
CONTROLLER | ngc VERTICAL SYNC
ey INTERFACE .
A INTENSITY
e
VIDEO CONTROLS

Figure 3. 8275 Systems Block Diagram Showing Systems Operation
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General Systems Operational Description

The B275 provides a "window" into the microcomputer
system memory.

Display characters are retrieved from memory and dis-
played on a row by row basis. The 8275 has two row buf-
fers. While one row buffer is being used for display, the
other is being filled with the next row of characters to be
displayed. The number of display characters per row and
the number of character rows per frame are software pro-
grammable, providing easy interface to most CRT displays.
(See Programming Section.)

The B275 requests DMA to fill the row buffer that is not
being used for display. DMA burst length and spacing is
programmable. (See Programming Section.)

The 8275 displays character rows one line at a time.

The number of lines per character row, the underline posi.
tion, and blanking of top and bottom lines are program.
mable. (See Programming Section.)

The 8275 provides special Control Codes which can be used
to minimize DMA or software overhead. It also provides
Visual Attribute Codes to cause special action or symbols
on the screen without the use of the character generator
(see Visual Attributes Section).

The 8275 also controls raster timing, This is done by gen.
erating Horizontal Retrace (HRTC) and Vertical Retrace
(VRTC) signals. The timing of these signals is program-
mable.

The 8275 can generate a cursor. Cursor location and format
are programmable. (See Programming Section.)
The B275 has a light pen input and registers. The light pen

input is used to load the registers. Light pen registers can be
read on command. (See Programming Section.)

st 2nd 3rd

Ath 5th 6th Tth

Character Character Character Character Character Character Character
DUOmReO00s0000N Oseses COD0D0D000UeeesD0DUeEes000e000De0

First Line of a Character Row

st 2nd 3rd

Character Character Ch Ch

4th Sth 6th Tth
P ok ch

e e e e e e e e | e e
Olmeen 0080000 Cesese 000000000 eee DO0Osew JO0ON000wD0

OmOO00s0O0ee00080 08 0U00000000000R0U0S00RO0OR008000R0
Second Line of a Ch Row

15t 2nd 3rd 4th 5th Bth 7th
[ Ch Ch Ch Ch Ch Ck
—— —— . —— —— —— . ——  ——

DOmeeROO0w000slDEeses000000000eeen 0000 00000080
OeLOOCEOOss0ONs0 0 J000000000000e0LDe 00 000000080
OeOO00e0OeUO0Oe0 0 0000000000000 UO0e00R DDORDOR00URD

Third Line of a Character Row

JL.ILIIJl (L L1 Is[sisiNl T ¥ Inisisl {siaiS] Yu

0 mOULEDNsUUDROUsRD0Ls0
Rlplnl dnisl duinis] Inin] ISIgis] Ju]
mOOOmOO0OOUsCieOe0
[slajalu] Julwin] Yalal Tul JHT ju]
L 18] Yuieiu] lginigl Iuis] Tal is] Ja]
ulals] Juld] jeisjes) | | jelsis]s] ju] ju]s]

S h Line of a Ch Row

Figure 4. Display of a Character Row
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Display Row Buffering After all the lines of the character row are scanned, the
roles of the two row buffers are reversed and the same

Before the start of a frame, the B275 requests DMA and |
; procedure is followed for the next row.

one row buffer is filled with characters.

CHARACTER cELK

COUNTER Ny
CHARACTER e
— | counNTER I'_ s AN
'7‘!'_‘_‘i-
oW BUFFERS T
TOW BUFFERS
DATA surFin |[ BuFFER l U’ T ﬂ
? ;u‘:’r; i cm‘m;l Co-s DATA BUFFER |[ BUFFER
i Do | —Bus— — e werur oUTPUT -
s = ey = controL ||conTRoL- CCo-s
LER LER
_mws |
T ~Jnwxy
FIFOn
OO ~—————— LINE
COUNTER Leo-a
Bagx [ ¥ P —— LINE i

COUNTER
na -_l | BACK
i ROW ne

COUNTER I 1
L] READ/ COUNTER
wRITE/
W —ed DMA kY ) thoy fb—= mEan
T wWRITE/
CONTROL |~ watc mite — ;
et LOGIC RASTER TIMING  —— VATC WA ——d o IO - Lag
K !:l.ng LoGic RASTER TIMING | ::ttg
ol —
VIDEQ CONTROL | L7em e — AND ——
] [—= v vioeoconTRoL [ TR
L | [ oraoy I ; ==
8 [ Gragy

\ 7 HI
LIG FEN
\- REGISTERS LN

Flgure 5. First Row Buffer Filled

2 3 ; Figure 7. First Buffer Filled with Third Row,
When the first horizontal sweep is started, character codes . Second Row Displayed

are output to the character generator from the row buffer
just filled. Simultaneously, DMA begins filling the other
row buffer with the next row of characters. This is repeated until all of the character rows are dis-

piayad.

DATA
080 r-£A — pus— ;s CCo-g
BUFFER .
P P— Line
COUNTER oo
Eﬁ__]
"
|2 ROW
COUNTER
Ab—=d mEaD/
WRITE/
R —ed OMA b ) Aoy
CONTROL [~ HATC
i LoGIc MASTER TiMiNG  [—= VATC
K= AND —
VIDEG CONTROL v

5—1 — ::u-l

LIGHT PEN
K REGISTERS v

Figure 6. Second Bufler Filled, First Row Displayed
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Display Format

Screen Format

The B275 can be programmed to generate from 1 to BO
characters per row, and from 1 to 64 rows per frame.

d ) A
23456789..............80

1
2
3
4
5
6
7
B
9

64
N v

Figure 8. Screen Format

The B275 can also be programmed to blank alternate rows,
In this mode, the first row is displayed, the second blanked,
the third displayed, etc. DMA is not requested for the
blanked rows.

( R
123456789, .............. 80
2
3
4
5
64

o ' J

Figure 9. Blank Alternate Rows Mode

Row Format

The B275 is designed to hold the line count stable while
outputting the appropriate character codes during each
horizontal sweep. The line count is incremented during
horizontal retrace and the whole row of character codes are
output again during the next sweep. This is continued untjl
the whole character row is displayed.

The number of lines (horizontal sweeps) per character row
is programmable from 1 to 16.

The output of the line counter can be programmed to be in
one of two modes.

In mode 0, the output of the line counter is the same as the
line number.

In mode 1, the line counter is offset by one from the line
number.

Note: in mode 1, while tha first line (line number 0) is being dis-
played, the Jast count is output by the line counter (gee

examples).
Line Line
Line Counter  Counter
Number Mode 0 Maoda 1
] 0O ODCoDOoDOODO 0OOD 1111
1 OD0DO0OO= DDDDOD Q001 oooo0
2 ODOw= 0= 00D 0010 0001
3 OOmE OODEOO Q011 0010
4 Om O0DO0OODOO®EDO 0100 0011
5 O®s DOODO®EO 0101 0100
6 Om = m = mw " 20 0110 0101
7 Om O0O0DO0ODO=®D0 0111 0110
8 Ow 0OD0DO0OO0CO®EDO 1000 0111
[:] Om 00O DOO®EDO 1001 1000
10 ODDODDODODODO 1010 1001
11 Co0OO0oOOoDOoCoDOoOO0OO 1011 1010
12 DOD0ODOoDOODODODO 19700 1011
13  OCoDoDoOoOOoDOooOOo 1101 1100
14 ODoDooOOoDOoODOO 1110 1101
15 oCcooooDOoOOoDOO0 1111 1110

Figure 10. Example of a 16-Line Format

Line Line

Line Counter Counter
Number Mode 0 Mode 1
0 OCo0OoDoDoDoo o000 1001
1 OoO0OweQooOO 0001 oooo
L] OOsOmOOD 0010 o001
3 OmoOoORD 0011 0010
4 Os ocDODO=O 0100 oo
5 O == = = 0O 0101 D100
6 Ow0OO0OO®RDO 0110 0101
7 Om= ODOOmD o111 0110
8 bOooooDoo 1000 o1
] Ooooooo 1001 1000

Figure 11. Example of a 10-Line Format

Mode 0 is useful for character generators that leave address
zero blank and start at address 1. Mode 1 is useful for char-
acter generators which start at address zero.

L
1
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Underline placement is also programmable (from line num-
ber 0 1o 15). This is independent of the line counter mode.

If the line number of the underline is greater than 7 (line
number MSB = 1), then the top and bottom lines will be
blanked.

Line Line

Line Counter  Counter
Num Mode 0  Mode 1
0 0O 0ODDODDOOODO 0DOD 1011

1 ODOoOO®EO0ODOO 0001 oooo0

2 OOOmO®sE OO0 0010 o001

3 OO0O®"EO0DODO®EODO 0011 0010

4 O OD0DDDO®WO 0100 o011

5 O 0OD0DODOO®DO 0101 0100

6 O = ® = = = " ® 0 0110 0101

7 O®"m 0OD0DODDODO®EO 0111 0110

B O"m 0OO0OODODO®DO 1000 0111

9 O®mE 0ODODDOS®EO 1001 1000

10 " B " =R EEE® 1010 1001

1 0D 0OO0DDDDDDO 1011 1010

Top and Bottom
Lines are Blanked

Figure 12. Underline in Line Number 10

If the line number of the underline is less than or equal 10 7
{line number MSB = 0), then the top and bottom lines will
not be blanked.

Line Line

Line Counter  Counter
Number Mode 0  Mode 1
0 Ooowo0OoOOo 0000 o111
1 ODoOm o= OO 0001 0000
2 O=s 0OoDoOowmaOD o010 0001
3 O=s 0DODO®s D 0011 o010
4 O == =m0 0100 0011
6 O®smocooOmoO 0101 o100
] O=s 0DOOw®OD 0110 0101
7 LU L o111 0110

Top and Bottom
Lines are not Blanked

Figure 13. Underline in Line Number 7

If the line number of the underline is greater than the maxi-
mum number of lines, the underline will not appear.
Blanking is accomplished by the VSP (Video Suppression)

signal. Underline is accomplished by the LTEN (Light
Enable) signal.

Dot Format

Dot width and character width are dependent upon the -
external timing and control circuitry.

Dot level timing circuitry should be designed to accept the °.
parallel output of the character generator and shift it out
serially at the rate required by the CRT display.

| c?gén
e _'L‘ I
pom :I cH :) SHIFT
(=4 |
LD'T_D:—V;MB
ik | siceonssin 1

Figure 14. Typical Dot Level Block Diagram

Dot width is a function of dot clock frequency.

Character width is a function of the character generator
width,

Horizontal character spacing is a function of the shift
register length,

Note: Video control and timing signals must be synchronized with
the video signal due to the character generator access delay,
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Raster Timing

The character counter is driven by the character clock input
{CCLK). It counts out the characters being displayed
(programmable from 1 to BO). It then causes the line
counter to increment, and it starts counting out the hori-
zontal retrace interval (programmable from 2 to 32). This
is constantly repeated.

. L

WATC
4y —
% ol
o s -
PROGRAMMABLE 1 TO 90 CCLKS | PROGHAMMABLE
27032 CCLKS
Ly PRESENT LINE COUNT ..

Figure 15. Line Timing

The line counter is driven by the character counter. It is
used to generate the line address outputs iLCO_ ) for the
character generator. After it counts all of the lines in a
character row (programmable from 1 to 16), it increments
the row counter, and starts over again, {See Character For-
mat Section for detailed description of Line Counter
functions.)

The row counter is an internal counter driven by the line
counter. It controls the functions of the row buffers and
counts the number of character rows displayed.

ONE ChARACTER ROW

- LU

PRESENT ROW
4
L

INTERNAL
ROW NEXT ROW

PROGRAMMABLE 1 TO 18
LINE COUNTE

Figure 16. Row Timing

After the row counter counts all of the rows in a frame
{programmable from 1 to B4), it starts counting out the
vertical retrace interval (programmable from 1 to 4).

ONE F I AME
INTERMNAL
ROW COUNTER
FIRST LAST FIRST LAST
WI.A? DIQI.AY HETKM:E HETRM(
- \——“__I ‘—_\_
i . —
~ Al
PFROGAAMMABLE PROGRAMMABLE

170 &4 ROW COUNTS 1 TO 4 ROW COUNTS

Figure 17. Frame Timing

\ The Video Suppression Output (VSP) is active during

horizontal and vertical retrace intervals.

Dot level timing circuitry must synchronize these outputs
with the video signal to the CRT Display.
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DMA Timing

The 8275 can be programmed to request burst DMA trans-
fers of 1 to 8 characters. The interval between bursts is also
programmable (from 0 to 55 character clock periods £1).
This allows the user to tailor his DMA overhead to fit his
system needs.

The first DMA request of the frame occurs one row time
before the end of vertical retrace. DMA requests continue
as programmed, until the row buffer is filled. If the row
buffer is filled in the middle of a burst, the B275 terminates
the burst and resets the burst counter. No more DMA
requests will occur until the beginning of the next row.
At that time, DMA requests are activated as programmed
until the other buffer is filled.

If, for any reason, there is @ DMA underrun, a flag in the
status word will be set.

w__&‘w\f } Nl

'E = E m‘mﬂ.
T
i I

Fiurp

Figure 18. DMA Timing

The DMA controller is typically initialized for the next
frame at the end of the current frame.

Interrupt Timing

The B275 can be programmed 1o generate an interrupt
request at the end of each frame. This can be used to
reinitialize the DMA controiler, If the 8275 interrupt
enable flag is set, an interrupt request will occur at the
beginning of the last display row. :

me T\

I
DISPLAY RETRACE
ROW ROW

—

Figure 19. Beginning of Interrupt Request

IRQ will go inactive after the status register is read.

—~

Figure 20. End of Interrupt Request

A reset command will also cause IRQ to go inactive, but
this is not recommended during normal service.

Another method of reinitializing the DMA controller is to
have the DMA controller itself interrupt on terminal count.
With this method, the 8275 interrupt enable flag should not
be set.

Note: Upon power-up, the B275 Interrupt Enable Flag may be set.
As a result, the user's cold start routine should write a reset
command to the B275 before system interrupis are enabled.



- =
8275

VISUAL ATTRIBUTES AND SPECIAL
CODES

The characters processed by the 8275 are B-bit gquantities.

The character code outputs provide the character generator

with 7 bits of address. The Most Significant Bit is the extra

bit and it is used to determine if it is a normal display

character (MSB = 0), or if itis a Visual Attribute or Special
Code (MSB = 1).

There are two types of Visual Attribute Codes. They are
Character Attributes and Field Attributes.

Character Attribute Codes

Character attribute codes are codes that can be used to gan-
erate graphics symbols without the use of a character
generator, This is accomplished by selectively activating the ’
Line Attribute outputs (LAg_4), the Video Suppression
output (VSP), and the Light Enable output. The dot level

" timing circuitry can use these signals 1o generate the proper

symbols.

Character attributes can be programmed to blink or be
highlighted individually. Biinking is accomplished with the
Video Suppression output (VSP). Blink frequency is equal
to the screen refresh frequency divided by 32. Highlighting
is accomplished by activating the Highlight output (HGLT).

Character Attributes
MSB LSB
110CCECBH
HIGHLIGHT
BLINK

CHARACTER ATTRIBUTE CODE

) sy o—
. =1 i
oD+
= I_Q[ﬂ\' / _D-_

L0 o

WORIZ LEFT HALF

1 D wIDED
Lag I_D e
v
LTEn BYNCHAOD. | LTEN
HGLT HEGHLIGHT

Figure 21. Typical Character Attribute Logic
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Character attributes were designed to produce the following graphics: o R g F

CHARACTER ATTRIBUTE OUTPUTS
CODE “Cccc” LAy LAg VSP | LTEN

lAbove Underline
0000 Underline
Below Underline
lAbove Underlihe
0001 Underline
Below Underline
Above Underline
0010 Underline
Below Underline
lAbove Underline
| oon Underline
Below Underline
IAbove Underline
0100 Underline
Below Underline
IAbove Underline
0101 Underline
Below Underline
l/Above Underline
0110 Underline
Below Underline
Above Underline
01 Underline
Below Underline
IAbove Underline
1000 Underline
Below Underline
/Above Underline
1001 Underline
Below Underline
|Above Underline
1010 Underline
Below Underline
Above Underline
mnon Underline
Below Underline
Above Underline
1100 Underline
Below Underline
Above Underline
1101 Underline Undefined lliegal
|Below Underline
Above Underline
1110 Underline Undefined Illegal
Below Underline
Above Underline
1" Underline Undefined lllegal

Below Underline

SYMBOL DESCRIPTION

|'— Top Left Corner

:—] Top Right Corner

Bottom Left Corner

—I Bottom Right Corner

Right Intersect

ﬁ— Top Intersect

Left Intersect

PN, A
—l—— Bottom Intersect

Horizontal Line

Vertical Line

Crossed Lines

Not Recommended *

i Special Codes

-'—‘—'QOODDQCFDD—‘Q—'—OOQODOQODD—'—'OO—-DOOO—'OO—'
OOQC’ODO-‘DOQOD-‘OQ—'UOQQOOQO-GDOOODOOOOQGO
pe -

cOQDOOOOODDOQOOQOOO—‘DQ—'OODOO-‘DQ"QD—-!:?O-—‘O
ocaooo—-o-A..;_noggoo_.un_-_._.—-oogu-nQg_r.-_.o—-oo

*Character Attribute Code 1011 is not recommended for Character Attribute Codes 1101, 1110, and 1111 are illegal.
normal operation. Since none of the attribute outputs are
active, the character Generator will not be disabled, and
an indeterminate character will be generated. Highlight is active when H = 1.

Blinking is active when B = 1.
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Special Codes

Four special codes are available to help reduce memory,
software, or DMA overhead.

Special Control Character

MSB LS8
1111 0 0SS
SPECIAL CONTROL CODE
5 S FUNCTION
00 End of Row
01 End of Row-Stop DMA
10 End of Screen
11 End of Screen-Stop DMA

The End of Row Code (00) activates VSP and holds it to
the end of the line.

The End of Row-Stop DMA Code (01) causes the DMA
Control Logic to stop DMA tor the rest of the row when it
is written into the Row Buffer. It affects the display in the
same way as the End of Row Code (00).

The End of Screen Code (10) activates VSP and holds it to
the end of the frame.

The End of Screen-Stop DMA Code (11) causes the DMA
Control Logic to stop DMA for the rest of the frame when
it is written into the Row Buffer. It affects the display in
the same way as the End of Screen Code (10).

If the Stop DMA feature is not used, all characters after an
End of Row character are ignored, except for the End of
Screen character, which operates normally. All characters
after an End of Screen character are ignored.

Note: If a Stop DMA character is not the last character in a burst or
row, DMA is not stopped until after the next character is
read. In this si ion, a d y cF must be placed in
memory after the Stop DMA character.

Field Attributes

The field attributes are control codes which affect the
visual characteristics for a field of characters, starting-at the
character following the code up to, and including, the
character which precedes the next field attribute code, or
up to the end of the frame. The field attributes are reset
during the vertical retrace interval.

There are six field attributes:

1. Blink — Characters following the code are caused
to blink by activating the Video Suppression out-
put (VSP). The blink frequency is equal to the
screen refresh frequency divided by 32.

2. Highlight — Characters following the code are
caused to be highlighted by activating the High-
light output (HGLT).

3. Reverse Video — Characters following the code are
caused to appear with reverse video by activating
the Reverse Video output (RVV).

4, Underline — Characters following the code are
caused to be underlined by activating the Light
Enable output (LTEN).

5,6. General Purpose — There are two additional 8275
outputs which act as general purpose, independ-
ently programmable field attributes. Glmo_1 are
active high outputs.

Fleld Attribute Code

MSe Ls8
1O0OURGGEBH

| L HIGHLIGHT
BLINK
GENERAL PURPOSE

REVERSE VIDEO
UNDERLINE

. H =1 FOR HIGHLIGHTING
, B=1FOR BLINKING
R = 1 FOR REVERSE VIDEO
U = 1 FOR UNDERLINE
GG = GPA4, GPAQ
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The 8275 can be programmed to provide visible or invisible
field attribute characters,

If the 8275 is programmed in the visible field attribute
mode, all field attributes will occupy a position on the
screen. They will appear as blanks caused by activation of
the Video Suppression output {VSP). The chosen visual
attributes are activated after this blanked character.

(_RBCDE FGHIJKLM\
NOPQRSTUV
123465 67889
iee——— J

Figure 22. Example of the Visible Field Attribute Mode
(Underline Attribute)

It the B275 is programmed in the invisible field attribute
mode, the 8275 FIFO is activated.

e o g sy (T s T e N ———
CHARACTER cCLk ,t

e I COUNTER l iy

A

12180 « & |

ROWBUFFERS i

DATA Burren |[ BuFFER |

o857 () = wrut || outeut Coog 3

t i surren controL | [conTRoL- 1
1 LER LER S |
-

2

~nwxr 1

FIFOs |

ALK ———
wa i
] i
D ——=a  pEaD/ 1
WRITE! E |
W —ad  O%A A
CONTROL 4
LOGIC RASTER TIMING —= VRTC J
Ay —= L AND —= HLGT
— AVV
VIDED CONTROL - LTEN
? = VEP
=] GPAp—y

E:
g

Figure 23. Block Diagram Showing FIFO Activation

.

Each row buffer has a corresponding‘Fl.FO. These FIFOs
are 16 characters by 7 bits in size.

When a field attribute is placed in the row buffer during
DMA, the buffer input controller recognizes it and places s
the next character in the proper FIFO. M T

When a field attribute is placed in the Buffer Output Con- i,
troller during display, it causes the controller to immedi- *
ately put a character from the FIFO on the Character Code
outputs (CCp_g). The chosen Visual Attributes are also
activated.

Since the FIFO is 16 characters long, no more than 16 field
attribute characters may be used per line in this mode.
If more are used, a bit in the status word is set and the first
characters in the FIFO are written over and lost.

Nota: Since the FIFO is 7 bits wide, the MSB of any characters put
in it are stripped off. Therefore, a Visual Attribute or Special
Code must not immediately follow a field attribute code. If
this situation does occur, the Visual Attribute or Special
Code will be treated as a normal display character.

12345678289

Figure 24. Example of the Invisible Field Atiribute
Mode (Underline Attribute)

Field and Character Attribute Interaction

Character Attribute Symbols are affected by the Reverse
Video (RRV) and General Purpose (GPAg_1) field attri-
butes. They are not affected by Underline, Blink or High-
light field attributes; however, these characteristics can be
programmed individually for Character Attribute Symbols.
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Cursor Timing

The cursor location is determined by a cursor row register
and a character position register which are loaded by com-
mand to the controller. The cursor can be programmed to
appear on the display as:

1. ablinking underline

2. ablinking reverse video block

3. anon-blinking underline

4. anon-blinking reverse video block

The cursor blinking frequency is equal to the screen refresh
frequency divided by 16.

If a non-blinking reverse video cursor appears in a non-
blinking reverse video field, the cursor will appear as a
normal video block.

If a non-blinking underline cursor appears in a non-blinking
underline fie/d, the cursor will not be visible.

Light Pen Detection

A light pen consists of a micro switch and a tiny light
sensor. When the light pen is pressed against the CRT screen,
the micro switch enables the light sensor. When the raster
sweep reaches the light sensor, it triggers the light pen
output.

If the output of the light pen is presented to the 8275
LPEN input, the row and character position coordinates are
stored in a pair of registers. These registers can be read on
command. A bit in the status word is set, indicating that
the light pen signal was detected. The LPEN input must be
a0 to 1 transition for proper operation.

Note: Due to internal and external delays, the character position
coordinate will be off by at least three character positions.
This has to be corrected in software.

Device Programming

The 8275 has two programming registers, the Command
Register (CREG) and the Parameter Register (PREG). It
also has a Status Register (SREG). The Command Register
can only be written into and the Status Registers can only
be read from. They are addressed as follows:

Ag OPERATION REGISTER
0 Read PREG
0 Write PREG
1 Read SREG
1 Write CREG

The B275 expects to receive a command and a sequence
of 0 to 4 parameters, depending on the command. If the
proper number of parameter bytes are not received before
another command is given, a status flag is set, indicating an
improper command.

Instruction Set
The 8275 instruction set consists of 8 commands.

COMMAND NO. OF PARAMETER BYTES

Reset
Start Display
Stop Display
Read Light Pen
Load Cursor
Enable Interrupt
Disable Interrupt
Preset Counters 0
In addition, the status of the 8275 (SREG) can be read by
the CPU at any time.

oo NMMNMDO.A
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1. Reset Command: Parameter — UUUU Underline Placement
DATA BUS LINE NUMBER OF .
OPERATION | Ag| DESCRIPTION| MSB Lse Uuvuu UNDERLINE
Command Write 1 |ResetCommand| 0 0 0 0 0 0 © O 0000 1
Wrte |0 [5€%"COmP | o 4 WU H HHHH 0001 B ]
Biss 1 0010 3
Wate |0 [SeeenComp |y 2 R R AR R g |
5 Byte 2 1
Write |0 [ScreenComp | oy oy L L L |
Byte 3 . 5
P 11 11 16
write | o |ScreenComp | & p 0 2 7 57 2 I
Byte 4
Action — After the reset command is written, DMA re-
quests stop, 8275 interrupts are disabled; and the VSP Parameter — LLLL Number of Lines per Character Row
output is used to blank the screen. HRTC and VRTC con-
s - L L NO. OF LINES/ROW
tinue to run. HRTC and VRTC timing are random on L
power-up. 00O0OD 1
. ¥ P 0001 2
As parameters are written, the screen composition is
% 0010 3
defined.
’
Parameter — S Spaced Rows
1 1 16

s FUNCTIONS

0 Normal Rows
1 Spaced Rows

Parameter — M Line Counter Mode

M LINE COUNTER MODE
Parameter — HHHHHHH Horizontal Characters/Row 0 Mode O (Non-Offset)
NO. OF CHARACTERS 1 Mode 1 (Offset by 1 Count)
HHHHHHMH PER ROW
00O0O0O0ODO0OCO 1
0000001 2 )
0O00O0DO0DT1TO0 3 Parameter — F Field Attribute Mode
| : F FIELD ATTRIBUTE MODE
: ) * (1] Transparent
¥ 3 / 1 Non-Transparent
0 111 | B0
1010000 Undefined
. | ;
B : . . Parameter — CC Cursor Format
* : c.C CURSOR FORMAT
11111 11 | Undefined
00 Blinking reverse video block
01 Blinking underline
Parameter — VV  Vertical Retrace Row Count E M) [Hblinking caverse video, block
11 Nonblinking underling
v v NO. OF ROW COUNTS PER VRTC
o0 1
[+ | 2
10 3 Parameter — ZZZZ Horizontal Retrace Count
11 4 NO. OF CHARACTER
ZzZ Z 2Z COUNTS PER HRTC
) 0000 2
Parameter — RRRRRR  Vertical Rows/Frame 000 1 4
RRRRRR [ NO. OF ROWS/FRAME 0010 6
000000 1 '
000001 2 ; | :
000010 3 s I "
| 11 11 J 32
2 | i
. | .
111111 l 64 Note: uuuu MSB determines blanking of top and bottom ling:

(1 = blanked, 0 = not blanked).
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2. Start Display Command:

5. Load Cursor Position:

DATA'BUE DATA BUS
OPERATION | Ag| DESCRIPTION | MSB LsB OPERATION | Ag DESCRIPTION | MSB LS8
Command Write 1 | Swan Display 0135888 Command Write 1 | Load Cursor 1 0 00D0O0O0OQ
No parameters N Write | O | Char. Number | IChar. Position in Row)
y Write 0 | Row Number {Row Number) |

S$55 BURST SPACE CODE

NO. OF CHARACTER CLOCKS
BETWEEN DMA REQUESTS

0

7
15
23
N
39
47
55

- s 00000
—-—--00=—=00|®n
-0 =0 =-0=0|0n

BB BURST COUNT CODE
NO. OF DMA CYCLES PER

B B BURST
0o 1
01 2
10 4
11 8

Action — B275 interrupts are enabled, DMA requests begin,
video is enabled, Interrupt Enable and Video Enable status
flags are set.

3. Stop Display Command:

DATA BUS
OPERATION |Ag | DESCRIPTION LS8
Command Write 1 | Stop Display 0000000
No parameters

Action — Disables video, interrupts remain enabled, HRTC
and VRTC continue to run, Video Enable status flag is
reset, and the ““Start Display’’ command must be given to
re-enable the display.

Action — The 8275 is conditioned to place the next two
parameter bytes into the cursor position registers. Status
flags not affected.

6. Enable Interrupt Command:

DATA BUS

OPERATION |Ap | DESCRIPTION |MSB Lse

Command Write 1 | Enable intereupt (17 0O Y O O O 0 O

No parameters

Action — The interrupt enable status flag is set and inter-
rupts are enabled.

7. Disable Interrupt Command:

DATA BUS

OPERATION| Ag| DESCRIPTION | MSE Lse

Command

Write Disabie Interrupt| 1 1 0 0 0 0 0 0O

No parameters

Action — Interrupts are disabled and the interrupt enable
status flag is reset.

8. Preset Counters Command:

; DATA BUS
4. Read Light Pen Command OPERATION| Ag| DESCRIPTION | MSB LS8
DATA BUS Cammand i c 1 0
OPERATION |Ag| DESCRIPTION Weite 1 | Prmat 111000909
Command Write |1 |ReadLightPen |0 1 1 0 0 0 O Of No parameters
e Read 0 | Char. Number (Char. Position in Row)
I Read 0 | Aow Number (Row Number) Action — The internal timing counters are preset, corre-

Action — The 8275 is conditioned to supply the contents
of the light pen position registers in the next two read
cycles of the parameter register. Status flags are not af-
fected.

Note: Software correction of light pen position is required.

sponding to a screen display position at the top left corner.
Two character clocks are required for this operation. The
counters will remain in this state until any other command
is given,

This command is useful for system debug and synchroniza-
tion of clustered CRT displays on a single CPU.
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talus Flags
s 9 IC — (Improper Command) This flag is set when a
oreRaTION [ag| DESCRIPTION| MmsB DATA BUS Lsa command param?te! string is too long or too
short. The fiag is automatically reset after a
Command RAead 1 | Starus Word 0 IE IR LPIC VE OU FO status read.

IE = (Interrupt Enable) Set or reset by command. It VE — (Video Enable) This flag indicates that video
enables vertical retrace interrupt. It is auto- operation of the CRT is enabled. This flag is
matically set by a “Start Display” command set on a “Start Display” command, and reset
and reset with the *"Reset” command. on a "Stop Display” or ““Reset” command.

IR — (Interrupt Request) This flag is set at the begin- DU — (DMA Underrun) This flag is set whenever a
ning of display of the last row of the frame if data underrun occurs during DMA transfers.
the interrupt enable flag is set. It is reset after Upon detection of DU, the DMA operation is
a status read operation, stopped and the screen is blanked until after

LP — This flag is set when the light pen input (LPEN) the vertical retrace interval. This flag is reset
is activated and the light pen registers have been after a status read.
loaded. This flag is automatically reset after a FO — (FIFO Overrun) This flag is set whenever the
status read. FIFO is overrun. It is reset on a status read.

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. . .. ..... 0°Cto70°C

Storage Temperature . . . ........... -65°C 1o +150°C *COMMENT: Stresses above those listed under “Absolute Maxi-
| Voltage On Any Pin mum Ratings" may cause permanent damage 1o the device. This is &

= stress rating only and functional o tion of the de at these o

With Respectto Ground . .. ........, -0.5V 10 +7V any n:;::' :mditiom :l::.l those  ndioated in the -T“ 1 mr
| Power Dissipation . . ................0.... 1 Watt tions of this specification is not implied.
|
|
! D.C. CHARACTERISTICS
| Ta=0°C1070°C; Ve =5V #5%
SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS
[
ViL Input Low Voliage -0.5 0.8 \'
Vin Input High Voltage 2.0 Vee+0.5V v
| Vou Output Low Voltage 0.45 v loL=2.2mA
I Vou Output High Voltage 24 Vv lgn = =400 pA
|ty Input Load Current 10 uA Vin = Ve to OV
|
' lorL Qutput Float Leakage 10 uA Vour = Ve to OV
[ lec Ve Supply Current 160 mA
CAPACITANCE

'Ta=25°C; Veo= GND =0V

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS
Cin Input Capacitance 10 pF fe=1MHz
Cio 1/0 Capacitance 20 pF Unmeasured pins returned to Vss. )
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3 .23

A.C. CHARACTERISTICS . & M,
Ta=0°Ct070°C; Vee=5.0V 5%; GND =0V e
Bus Parameters (Note 1)
Read Cycle:

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS

taR Address Stable Before READ 0 ns

tRA Address Hold Time for READ 0 ns

1RR READ Pulse Width 250 ns

trRD Data Delay from READ 200 ns C_ = 150 pF

tpoF READ to Data Floating 20 100 ns
Write Cycle:

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS

taw Address Stable Before WRITE 1] ns

twa Address Hold Time for WRITE 0 ns

tww WRITE Pulse Width 250 ns

tow Data Setup Time for WRITE 150 ns

twp Data Hold Time for WRITE 0 ns
Clock Timing:

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS

oLk Clock Period 320 ns

1kH Ciock High 120 ns

Tkl Clock Low 120 ns

KR Clock Rise 5 30 ns

tF Clock Fall 5 30 ns
Note 1: AC timings measured at Vg = 2.0, VgL = 0.8
Write Timing Read Timing

Y- mvauu) VALID ’K INVALID
Taw v - T,
SIS R S IS S
"™ \ /
‘ow =—='wp
DBg_y INVALID x VALID K INVALID

Clock Timing Input Waveforms (For A.C. Tests)

b U —aey

K ? X

.

:::) TEST POINTS {::x
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Other Timing:

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS
tce Character Code Output Delay 150 ns C_ = 50 pF

HR Horizontal Retrace Output Delay 150 ns C_ =50 pF

e Line Count Output Delay 250 ns C =50 pF

AT Control/Attribute Output Delay 250 ns Cy =50pF

tvR Vertical Retrace Output Delay 250 ns C_ = 50 pF

YR IRQT from CCLK} 250 ns C_ =50 pF

Rl IRQ! from Rdt 250 ns Cp =50 pF

tka DRQT from CCLK! 250 ns Cp =50pF

twa DRQT from WR? 250 ns C_=50pF

tRa DRQ! from WR{ 250 ns Ci =50 pF

WA DACK! 1o WR1 0 ns

TRL WRT to DACK? 0 ns

PR LPEN Rise ~ 0. ns

1pH LPEN Hold 100 ns

Note: Timing measurements are made at the lollowing reference voltages: Output 1" = 2,0V, 0" = 0.BV.

WAVEFORMS

womse T UL

cCos K FIRST CHARACTER CODE X SECOND CHARACTER CODE . X
mow m:u—{
)

( FIRST CHARACTER X SECOND CHARACTER

ATTRIBUTES x
& CONTROLS ATTRIBUTES & CONTROLS FOR FIAST CHAR. x

SHIFT REGISTER SE TUP e ’—
VIDEO
(FROM SHIFT
REGISTER)

ATIRBUTES FIRST CHARACTER SECOND CHARACTER
& CONTROLS ATTRIBUTES & CONTROLS
(FROM K ATTRIBUTES & CONTROLS FOR FIRST CHAR. £0R 2N0 CHAR
SYNCHRONIZER]

*CCLK IS A MULTIPLE OF THE DOT CLOCK AND AN INFUT TO THE 8275

Figure 25.

Typical Dot Level Timing
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AND ATTRIBUTES *

e R — ‘
NS FRsT SECOND LAST
CCo-s msrLaY DISPLAY RETRACE
CHARACTER/ \CHARACTER , CHARACTER
i LT A == —
- E FROM 1 7O f=—— PROGRAMMABLE FROM 2 TO 32 CCLKS ——=i
- —wn ' |
- I 4
HATC \ f
| 4y | | =
’-—llc
gt 4\
LR LR
LCo-3 PRESENT LINE COUNT X NEXT LINE COUNT
‘}.J I 'l II'
- I“l
ol 14
VIDED r ks
CONTROLS X

*LAg_y. VSP, LTEN. HGLT, AWV, GPAG_y

Figure 26. Line Timing

o R cilfne —
—— wh - THA
G f\_
—y g f— — by g f—
4
FIRST LINE SECOND LINE LAST LINE
was | X y o, . .
4
PROGRAMMABLE FROM 1 TO 16 LINES
INTEANAL At
ROW  LAST ROW PRESENT ROW NEXT ROW
| iy

Figure 27. Row Timing

INTERNAL
ROW
COUNTER

Figure 28. Frame Timing
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R —
oLk
LAST RETRACE FIRST RETRACE
o-8 CHARACTER CHARACTER
Leo3 FIRST LINE COUNT

|

HATC

ROW LAST DISFLAY ROW
COUNTER

Figure 29. Interrupt Timing

——:=
—
Nt

11

Figure 30. DMA Timing
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PROGRAMMABLE DMA CONTROLLER

= MCS-85™ Compatible 8257-5
= 4-Channel DMA Controller

s Priority DMA Request Logic
m Channel Inhibit Logic

= Terminal Count and Modulo 128
Qutputs

m Auto Load Mode

= Single TTL Clock

= Single + 5V Supply

= Expandable

= 40-Pin Dual In-Line Package

The Intel® B257 is a 4-channel direct memory access (DMA) controller. It is specifically designed to simplify the
transfer of data at high speeds for the Intel® microcomputer systems. Its primary function is to generate, upon a
peripheral request, a sequential memory address which will allow the peripheral to read or write data directly to or
from memory. Acquisition of the system bus in accomplished via the CPU's hold function. The 8257 has priority logic
that resolves the peripherals requests and issues a composite hold request to the CPU. It maintains the DMA cycle
count for each channel and outputs a control signal 1o notify the peripheral that the programmed number of DMA
cycles is complete. Other output control signals simplify sectored data transiers and expansion to other B257 devices
for systems that require more than 4 channeis of DMA controlled transfer. The 8257 represents a significant savings in
component count for DMA-based microcomputer systems and greatly simplifies the transfer of data at high speed be-
tween peripherals and memories.

PIN CONFIGURATION

woRtr ™~ w s,
W] 2 A,
memAal]a 38 [ag
MEMW[] 4 LU S LA
manx[] s % []7c
READY[] & s A,
HwA[] 7 u A,
ADDSTB[] 8 n[a,
aeni]s = 5
HRO [} 0 3 [IVee
s n 2o,
cuk[] 2 = [o,
RESET[] 13 2 o,
Dack 2] 14 77 [Jo,
Dack al] s 26 [,
DpRO I % 75 [JDACK ©
oraz[] v 24 [)DACK 1
ora 1} 1w 2o,
prRao[] 19 2o,
ono[] 2 2o,
PIN NAMES
Dy-Dg | DATA BUS AEN ADDRESS ENABLE
Ar-Ag | ADDRESS BUS [ ADSTB ADDRESS STROBE
iToR |10 TC AL COUNT
oW 1o WRITE MARK MODULD 128 MARK
| WENMR | MEmORY READ | | DRG, DRGY wmnusn
WEMW MORY WAITE | i S,
cLK ::o?:;rm DACK; ALK m‘““"m‘
RESET | RESET INPUT = e SELEET
::;Dv ::g:musm e 8 Soexs
O 8080A) GND GROUND
WLDA | HOLD ACKNOWLEDGE
(FROM BOS0A)

BLOCK DIAGRAM

DATA

%%@

BUS
BUFFER

K=

IOR =——=qf
oW ——f

CLK —————]
READ/
WRITE
LoGic

RESET] ————

Ay
A —
A
Ay —

{

P

tHo
16
T
ADDR
CNTR

|— Bazid

CHY

1%
L1

CNTR

|~— DRO1

—= GACK 1

Ay

A—

Ay

Ay >t

READY ————=|

HRD =——«—
HLDA
MEw ~——of

AEN =——

\/r

CH-2
"
L1
ADDR
CNTR

[=— DRO 7

CH3

16
ot

CNTR

FRIODAITY
RESOLVER

']

INTERANAL
BUS
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FUNCTIONAL DESCRIPTION

General

The B257 is a programmable, Direct Memory Access
(DMA) device which, when coupled with a single Intel®
8212 I/O port device, provides a complete four-channel
DMA controller for use in Intel® microcomputer systems.
After being initialized by software, the 8257 can transfer a
block of data, containing up to 16,384 bytes, between
memory and a peripheral device directly, without further
intervention required of the CPU. Upon receiving a DMA
transfer request from an enabled peripheral, the B257:

* Acquires cdntrol of the system bus.

* Acknowledges that requesting peripheral which is
connected to the highest priority channel,

Outputs the least significant eight bits of the memory
address onto system address lines Ag-A;, outputs
the most significant eight bits of the memory address
to the 8212 /0 port via the data bus (the 8212
places these address bits on lines Ag-A43), and

Generates the appropriate memory and 1/0 read/
write control signals that cause the peripheral 1o
receive or deposit a data byte directly from or to the
addressed location in memory.

The 8257 will retain control of the system bus and repeat
the transfer sequence, as long as a peripheral maintains its
DMA request. Thus, the 8257 can transter a block of data
lo/from a high speed peripheral (e.g., a sector ofdataona
lioppy disk) in a single “burst”. When the specified
number of data bytes have been transferred, the 8257
aclivates its Terminal Count (TC) output, infarming the
CPU that the operation is complete.

The 8257 offers three different modes of operation:
(1) DMA read, which causes dala to be transferred from
memory to a peripheral; (2) DMA write, which causes
data to be transferred from a peripheral to memory,
and (3) DMA verity, which does not actually involve the
transter of data. When an 8257 channel is in the DMA verify
mode, it will respond the same as described for transfer
operations, except that no memory or I/0 read/write
control signals will be generated, thus preventing the
transter of data. The 8257, however, will gain control of the
system bus and will acknowledge the peripheral's DMA
request for each DMA cycle. The peripheral can use these
acknowledge signals to enable an internal access of each
byte of a data block in order to execute some verification
procedure, such as the accumulation of a CRC (Cyclic
Redundancy Code) checkword. For example, a block of
DMA verify cycles might follow a block of DMA read cycles
(memory to peripheral) to allow the peripheral to verify its
newly acquired data.

Block Diagram Description G, e
1. DMA Channels '

The 8257 provides four separate DMA channels (labeled
CH-0 to CH-3). Each channel includes two sixteen-bit
registers: (1) a DMA address register, and (2) a termi-
nal count register. Both registers must be initialized
before a channel is enabled. The DMA address register is
loaded with the address of the first memory location to be
actcessed. The value loaded into the low-order 14-bits of
the terminal count register specifies the number of DMA
cycles minus one before the Terminal Count (TC) output
is activated. For instance, a lerminal count of 0 would
cause the TC output to be active in the first DMA cycle for
that channel. In general, if N = the number of desired DMA
cycles, load the value N-1 into the low-order 14-bits of the
terminal count register. The most significant two bits of the
terminal count register specify the type of DMA operation
for that channel:

F AL LT o CHO  |~—DRO O
. £ 16
{} o BIT
pagd -t - | para ADDR
o e BUS < :! —=| CNTR |—= DACK 0
3 BUFFER |
1
CHY = DRO 1
* g ” » 16
- { K o omiT
5 > " | aDDA
3 e ¢—| cnTR - BACK 1
5 WOR =y
E o —] neow KD
fy . RESET —f mﬂ: . CHZ |=—DRO 2
Gy ARIENRE"
t Ay — |( BIT
E A ;= - ¥ | ADDR 1=
- Ay—— p—| CNTR |~ DACK 2
a___T
CH3  |=— DRO 3
N A . =5
" 8T ey
::___ K. ) 3 7
- - L
’ Ay CNTR BACH 3 3
b A CONTROL i_l
' READY —~| LOGIC
AND
#Aa =1 mODE <::> 4
.'-:-:%:- . ::1 L} PRIORITY
R ER
b e RESOLV
AEN =~
;, ADSTH ~— T
’ )
[ TC :
k L
’ MARN = . INTERNAL
;. BUS
[ 2N P TS P -

Figure 1. 8257 Block Diagram Showing DMA
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These two bits are not modified during a DMA cycle, but
can be changed between DMA blocks.

Each channel accepts a DMA Request (DRQn) input and
provides a DMA Acknowledge (DACKn) output:

(DRQ 0-DRQ 3)

DMA Request; These are individual asynchronous chan-
nel request inputs used by the peripherals to obtain a DMA
cycle. If not in the rotating priority mode then DRQ 0 has
the highest priority and DRQ 3 has the lowest. A request
can be generated by raising the request line and holding it
high until DMA acknowledge. For multiple DMA cycles
(Burst Mode) the request line is held high until the DMA
acknowledge of the last cycle arrives.

(DACK 0 - DACK 3)

DMA Acknowledge: An active low level on the acknowl-
edge output informs the peripheral connected to that
channel that it has been selected for a DMA cycle.

2. Data Bus Buffer

This three-state, bi-directional, eight bit buffer interfaces
the 8257 to the system data bus:

(Do-Dy)

Data Bus Lines: These are bi-directional three-state lines.
When the 8257 is being programmed by the CPU, eight-
bits of data for a DMA address register, a terminal count
register or the Mode Set register are received on the data
bus. When the CPU reads a DMA address register, a
ta‘r,minal count register or the Status register, the data is
ssnt to the CPU over the data bus. During DMA cycles
(when the 8257 is the bus master), the 8257 will output the
most significant eight-bits of the memory address (from
one of the DMA address registers) to the 8212 latch via the

data bus. These address bits will be transferred at the |

beginning of the DMA cycle; the bus will then be released
to handle the memory data transfer during the balance of
the DMA cycle.

BIT 15 BIT 14 TYPE OF DMA OPERATION
o —
0 0 Verlfy DMA Cycle
'] 1 Write DMA Cycle
1 ] Read DMA Cycle
1 1 (Ilegal)
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3. Read/Write Logic

When the CPU Is programming or reading one of the
8257's register (i.e., when the 8257 is a “slave" device on
the system bus), the Read/Write Logic accepts the 1/0
Read (ITOR) or I/0 Write (i7TOW) signal, decodes the least
significant four address bits, (Ag-Ag), and either writes the
mntents of the data bus into the addressed register (if
VOW is true) or places the contents of the addressed
register onto the data bus (if I/OR is true). s

During DMA cycles (i.e., when the B257 is the bus
“master”), the Read/Write Logic generates the 1/O read
and memory write (DMA write cycle) or I/O Write and
memory read (DMA read cycle) signals which control the
data link with the peripheral that has been granted the
DMA cycle.

Note that during DMA transfers Non-DMA 1/0 devices
should be de-selected (disabled) using “AEN" signal to
inhibit 1/O device decoding of the memory address as an
erroneous device address.

(TOR)

1/0 Read: An active-low, bi-directional three-state line. In
the “slave” mode, it is an input which allows the B-bit
status register or the upper/lower byte of a 16-bit DMA
.address register or terminal count register to be read. In
the “master” mode, I/OR is a control output which is used
lo access data from a peripheral during the DMA write
cycle.

{iow)

110 Write: An active-low, bi-directional three-state line. In
the “slave” mode, it is an input which allows the contents
of the data bus to be loaded into the 8-bit mode set register
or the upper/lower byte of a 16-bit DMA address register
orterminal count register. In the “master” mode, I/OWisa

control output which allows data to be output to a
peripheral during a DMA read cycle.

(CLK)

Clock Input: Generally from an Intel® 8224 Ciock
Generator device. (¢2 TTL)

(RESET)

Reset: An asynchronous input (generally from an 8224
device) which clears all control lines and disables all
DMA channels by clearing the mode register.

(Ag-Aj R

Address Lines: These least significant four address lines
are bi-directional. In the “slave” mode they are inputs
which select one of the registers to be read CKL
programmed. In the “master” mode, they are oulputa
which constitute the least significant four bits of the 16-Bit -
memory address generated by the 8257.

(Cs)

Chip Select: An active-low input which enables the 1/0
Read or I/0 Write input when the 8257 is being read or
programmed in the “slave” mode. In the “master” mode,

is automatically disabled to prevent the chip from
selecting itself while performing the DMA function.
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4, Control Logic

This block controls the sequence of operations during all
DMA cycles by generating the appropriate control signals
and the 16-bit address that specifies the memory location
to be accessed.

(Ag-Ay)

Address Lines: These four address Iines'ara three-state
outputs which constitute bits 4 through 7 of the 16-bit
memory address generated by the 8257 during all DMA
cycles.

(READY)
Ready: This asynchronous input is used to elongate the

-memory read and write cycles in the 8257 with wait states

it the selected memory requires longer cycles.

(HRQ)

Hold Request: This output requests control of the system
bus. In systems with only one 8257, HRQ will normally be
applied to the HOLD input on the CPU.

(HLDA)

Hold Acknowledge: This input from the CPU indicates
that the 8257 has acquired control of the system bus.

(MEMR)

Memory Read: This active-low three-state output is used
to read data from the addressed memory location during
DMA Read cycles.

(MEMW)

Memory Write: This active-low three-state output is used
to write data into the addressed memory location during
DMA Write cycles.

(ADSTB)

Address Strobe: This output strobes the most significant
byte of the memory address into the 8212 device from the
data bus.

(AEN)

Address Enable: This output is used to disable (float) the
System Data Bus and the System Control Bus. It may also
be used to disable (fioat) the System Address Bus by use
of an enable on the Address Bus drivers in systems to
inhibit non-DMA devices from responding during DMA
cycles. It may be further used to isolate the 8257 data bus
from the System Data Bus to facilitate the transfer of the 8
most significant DMA address bits over the 8257 data 1/0
pins without subjecting the System Data Bus to any
timing constraints for the transfer. When the 8257 is used
in an 1/O device structure (as opposed to memory
mapped), this AEN output should be used to disable the
selection of an I/O device when the DMA address is on the
address bus. The I/O device selection should be
determined by the DMA acknowledge outputs for the 4
channels.

(Tc)
Terminal Count: This output nofifies  the. currently
selected peripheral that the present DMA cycle should be 3
the last cycle for this data block. If the TC STOP bit in the

Mode Set register is set, the selected channel will pe . "

automatically disabled at the end of that DMA cycle. TG is
activated when the 14-bit value in the selected channel's
terminal count register equals zero. Recall that the low-
order 14-bits of the terminal count register should be
loaded with the vaiues (n-1), where n =the desired number
of the DMA cycles.

(MARK)

Modulo 128 Mark: This output notifies the selected
peripheral that the current DMA cycle is the 128th cycle
since the previous MARK output. MARK always occurs at
128 (and all multiples of 128) cycles from the end of the
data block. Only if the total number of DMA cycles (n) is
evenly divisable by 128 (and the terminal count register
was loaded with n-1), will MARK occur at 128 (and each
succeeding multiple of 128) cycles from the beginning of
the data block.
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5. Mode Set Register

When set, the various bits in the Mode Set register enable
each of the four DMA channels, and allow four different
options for the 8257:

. [;Ll-lsll JI?l'IIIII

Enables AUTOLOAD Enables DMA Channel 0
Enabiey TC STOP Enables DMA Channel 1
Erables EXTENDED WRITE Enables DMA Channal 2

Erablnn ROTATING PRIORITY ——— Enabiet DMA Channael 3

The Mode Set register is normally programmed by the
CPU after the DMA address register(s) and terminal

| count register(s) are initialized. The Mode Set Register is

cleared by the RESET input, thus disabling all options,
inhibiting all channels, and preventing bus conflicts on
power-up. A channel should not be left enabled unless its
DMA address and terminal count registers contain valid
values; otherwise, an inadvertent DMA request (DRQn)

| from a peripheral could initiate a DMA cycle that would

destroy memory data.

The various options which can be enabled by bits in the
Mode Set register are explained below:

Rotating Priority Bit 4

In the Rotating Priority Mode, the priority of the channels
has a circular sequence. After each DMA cycle, the
priority of each channel changes. The channel which had
just been serviced will have the lowest priority.

\ @
Itthe ROTATING PRIORITY bit is not set (set to a zero),

each DMA channel has a fixed priority. In the fixed priority
mode, Channel 0 has the highest priority and Channel 3
has the lowest priority. If the ROTATING PRIORITY bit is
sel 1o a one, the priority of each channel changes after
each DMA cycle (not each DMA request). Each channel
moves up to the next highest priority assignment, while
the channel which has just been serviced moves to the
lowest priority assignment:

CHANNEL—»|CH-0|CH-1|CH-2 |CH-3
JUST SERVICED

Priority —= Highest CH-1|CH-2|CH-3 |CH-0
Assignments CH-2|CH-3|CH-0 |CH-1
CH-3 |CH-0|CH-1 |CH-2

Lowest CH-0|CH-1|CH-2|CH-3

Note that rotating priority will prevent any one channel
from monopolizing the DMA mode; consecutiva DMA
cycles will service different channels if more than one
channel is enabled and requesting service. All DMA
operations began with Channel 0 initially assigned to the
highest priority for the first DMA cycle. ke

Extended Write Bit 5

If the EXTENDED WRITE bit is set, the duration of both the
MEMW and I/OW signals is extended by activating them
earlier in the DMA cycle. Data transfers within micro-
computer systems proceed asynchronously to allow
use of various types of memory and I/O devices with
different access times. If a device cannot be accessed
within a specific amount of time it returns a "not ready”
indication to the 8257 that causes the B257 to insert one or
more wait states in its internal sequencing. Some devices
are fast enough to be accessed without the use of wait
states, but if they generate their READY response with the
leading edge of the [/OW or MEMW signal (which
generally occurs late in the transier sequence), they
would normally cause the 8257 to enter a wait state
because it does not receive READY in time. For systems
with these types of devices, the Extended Write option
provides alternative timing for the 1/0 and memory write
signals which allows the devices to return an early READY
and prevents the unnecessary occurrence of wait statesin
the 8257, thus increasing system throughput.

TC Stop Bit 6

If the TC STOP bit is set, a channel is disabled (i.e., its
enable bit is reset) after the Terminal Count (TC) output
goes true, thus automatically preventing further DMA
operation on that channel. The enable bit for that channel
must be re-programmed to continue or begin another
DMA operation. If the TC STOP bit is not set, the
occurrence of the TC output has no effect on the channel
enable bits. In this case, itis generally the responsibility of
the peripheral to cease DMA requests in order to terminate
a DMA operation.

Auto Load Bit 7

The Auto Load mode permits Channel 2 to be used for
repeat block or block chaining operations, without
immediate software intervention between blocks. Chan-
nel 2 registers are initialized as usual for the first data
block; Channel 3 registers, however, are used to store the
block re-initialization parameters (DMA starting address,
terminal count and DMA transfer mode). After the first
block of DMA cycles is executed by Channel 2 (i.e., after
the TC output goes true), the parameters stored in the
Channel 3 registers are transferred to Channel 2during an
"update" cycle. Note that the TC STOP feature, described
above, has no etfect on Channel 2 when the Auto Load bit
is set.
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I the Auto Load bit is set, the initial parameters for
Channel 2 are automatically duplicated in the Channel 3
registers when Channel 2 is programmed. This permits
repeat block operations to be set up with the programming
of a single channel. Repeat block operations can be used
in applications such as CRT refreshing. Channels 2 and 3
can still be loaded with separate values if Channel 2is
loaded before loading Channel 3. Note that in the Auto
Load mode, Channel 3 is still available to the user if the
Channel 3 enable bit is set, but use of this channel will

| change the values to be auto loaded into Channel 2 at

update time. All that is necessary to use the Auto Load
feature for chaining operations is to reload Channel 3
registers at the conclusion of each update cycle with the
new parameters for the next data block transfer.

Each time that the 8257 enters an update cycle, the update
flag in the status register is set and parameters in Channéi
3 are transferred to Channel 2, non-dastructively for
Channel 3. The actual re-initialization of Channel 2 occurs
at the beginning of the next channel 2 DMA cycleafterthe
TC cycle. This will be the first DMA cycle of the new data
block for Channel 2. The update flag is cleared at the
conclusion of this DMA cycle. For chaining operations,
the update flag in the status register can be monitored by
the CPU to determine when the re-initialization process
has been completed so that the next block parameters can

| be safely loaded into Channel 3.

6. Status Register

The eight-bit status register indicates which channels
have reached a terminal count condition and includesthe
update flag described previously. g

7 6 5 4 3 2 1 o

Cl-TTITT1]
J l ‘—T: STATUS FOR CHANNEL O
UPDATE FLAG P TC STATUS FOR CHANNEL 1
L TCSTATUS FOR CHANNEL 2
TC STATUS FOR CHANNEL 3

The TC status bits are set when the Terminal Count (TC)
output is activated for that channel. These bits remain set
until the status register is read or the 8257 is resel. The
UPDATE FLAG, however, is not aflected by a status
register read operation. The UPDATE FLAG can be
cleared by resetting the B257, by changing to the non-auto
load mode (i.e., by resetting the AUTO LOAD bit in the
Mode Set register) or it can be left to clear itself at the
completion of the update cycle. The purpose of the
UPDATE FLAG is to prevent the CPU from inadvertently
skipping a data block by overwriting a starting address or
terminal count in the Channel 3 registers before those
parameters are properly auto-loaded into Channel 2.
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programming and Reading the 8257 Registers

There are four pairs of “channel registers™: each pair
consisting of a 16-bit DMA address register and a 16-bit
terminal count register (one pair for each channel). The
8257 also includes two "general registers”: one 8-bit
Mode Set register and one B-bit Status register. The
registers are loaded or read when the CPU executes a
write or read instruction that addresses the 8257 device
and the appropriate register within the 8257, The 8228
generates the appropriate (ead or write control signal
|gensrally I/OR or I/OW while the CPU places a 16-bit
sddress on the system address bus, and either outputs the
data to be written onto the system data bus or accepts the
data being read from the data bus. All or some of the most
sgnificant 12 address bits As-A,s (depending on the
systems memory, /0 configuration) are usually decoded
10 produce the chip select (CS) input to the B257, An I/O
Wnte input (or Memory Write in memory mapped I/O
configurations, described below) specifies thal the
iddressed register is to be programmed, while an I/O
Read input (or Memory Read) specifies that the addressed
egister is to be read. Address bit 3 specifies whether a
-¢channel register” (Ay = 0) or the Mode Sel (program
only)/Status (read only) register (A;=1)isto be accessed.

he least significant three address bits, Ag-A;, indicate the
wecilic register to be accessed. When accessing the
uade Set or Status register, Ag-A; are all zero. When
1cessing a channel register bit Ag differentiates between
»e DMA address register (Ap = 0) and the terminal count
»qister (Ap = 1), while bits A, and A; specify one of the

CONTROL INPUT Cs | /oW | i7OR Az
Program Hall of a 0 0 1 0

Channel Register

Read Hall of 2 0 1 0 0

Channel Reglster

Program Mode Sel 0 0 1 1

Reglster ) 3

Read Stalus Regisler 0 1 0 1

“ur channels. Because the “channel registers" are 16-
15, Iwo program instruction cycles are required to load
v read an entire register. The B257 contains a first/last
“L) flip lop which toggles at the completion of each
~annel program or read operation. The F/L flip flop
wermmes whether the upper or lower byte of the register
11obe accessed. The F/L flip flop is reset by the RESET
-t and whenever the Mode Set register is loaded. To
“nntain proper synchronization when accessing the
nannel registers™ all channel command instruction
eations should occur in pairs, with the lower byte of a
v ster always being accessed first. Do not allow CS to
<k while either i7OR or I/OW is active, as this will cause
v erroneous F/L flip tlop state. In systems utilizing an
“trrupl structure, interrupts should be disabled prior to
ri paired programming operations to prevent an
“wrupt from splitting them. The result of such a split
vJdleave the F/L F/F inthe wrong state. This problem is
+hcularly obvious when other DMA channels are
‘rammed by an interrupt structure.

DMA Operation

Internal 8257 operations may proceed through seven
different states. The duration of a state is defined by the
clock input. When the 8257 is not executing a DMA cycle,
itisin the idle state, S; . A DMA cycle begins when one or
more DMA Request (DRQn) lines become aclive. The
8257 then enters state Sy, sends a Hold Request (HRQ) to
the CPU and waits for as many Sp states as are necessary
for the CPU to return a Hold Acknowledge (HLDA). For
each S, state, the DMA Request lines are again sampled
and DMA priority is resolved (according to the fixed or
rotating priority scheme). When HLDA is received, the
DMA Acknowiedge (DACKn) line for the highest priority
requesting channel is activated, thus selecting that
channel and its peripheral for the DMA cycle. The 8257
then proceeds to state S;. Note that the DMA Request
(DRQnN) input should remain high until either DACKn is
received for a single DMA cycle service, or until both the
DACKnR and TC outputs are received when transferring an
entire data block in a "burst” mode. If the 8257 should lose
control of the system bus (i.e., if HLDA goes false), the
DMA Acknowledge will be removed after the current DMA
cycle is completed and no more DMA cycles will occur
until the 8257 again acquires control of the system bus.

Each DMA cycle will consist of at least four internal
states: S, Sz, Sy, and S,. If the access time for the memory
or 1/O devices involved is not fast enough to return the
required READY response and compiele a byle transier
within the specified amount of time, one or more wait
states (SW) are inserted between states S, and S.. Recall
that in certain cases the Extended Wrile option can
eliminate the need for a wait state. Note that a READY
response is not required during DMA verify cycles.
Specified minimum/maximum values for READY setup
time (lgps), write data setup time (tpw), read data access
time {lrp) and HLDA setup time (lgs) are listed under A.C.
CHARACTERISTICS and are illustrated in the accom-
panying timing diagrams.

During DMA write cycles. the 1/0 Read (I7OR) output is
generated at the beginning of state S: and the Memory
Write (MEMW) output is generated at the beginning of S,
During DMA read cycles, the Memory Read (MEMR)
output is generated at the beginning of state S>and the /0
Write (1/OW) output goes true at the beginning of of state
Si. Recall that no read or write control signals are
generated during DMA verily cycles. Extended WR for
MEM and I/O will be generated in 5;.

Memory Mapped /O Configurations

The 8257 can be connected to the system bus as a memory
device instead of as an /0 device for memory mapped 1/O
configurations by connecting the system memory control
lines to the 8257's I/O control lines and the system 1/O
control lines to the 8257's memory control lines.

This configuration permits use of the 8080's considerably
larger repertoire ol memory instructions when reading or
loading the B257's registers. Note that with this
connection, the programming of the Read (bit 15) and
Write (bit 14) bits in the terminal count register will have a
different meaning: :
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias, . . ...... 0°C to 70°C
Storage Temperature . . . . ... ....... —65°C 10 +150°C
Valtage on Any Pin

With RespecttoGround . . . ......... —0.5V 10 +7V
Power Dissipation . . .............cc0uunnn. 1 Watt

D.C. CHARACTERISTICS
Ta = 0°C to 70°C, Ve = +5V £ 5%, GND = 0V

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings™ may cause permanent damage to the
device. This is a stress rating only and functional opém-.’
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maxt’mq}i’r,.
rating conditions for extended periods may affect device
reliability.

SYMBOL PARAMETER MIN. MAX. UNIT | TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 Volts
ViH Input High Voltage 20 Vee+.5 Volts
VoL Output Low Voltage 0.45 Volts | lgL = 1.6 mA
Vou Output High Voltage 2.4 Vee Volts lon=-150uA for AB,
DB and AEN
lon=-BOuA for others
VHH HRQ Output High Voltage 33 Vee Volts | lpy = -B0pA
lec Ve Current Drain 120 mA
he Input Leakage +10 HA ViN = Ve to OV
loFL QOutput Leakage During Float 10 A VouT = Vee to OV
CAPACITANCE y
Tp = 25°C; Ve = GND = 0V
SYMBOL PARAMETER MIN. TYP. MAX. UNIT | TEST CONDITIONS
Cin Input Capacitance 10 pF fc = 1MHz
Cijo 1/0 Capacitance 20 pF Unmeasured pins
returned to GND
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A.C. CHARACTERISTICS: PRIPHERAL (SLAVE) MODE
Ta = 0°C 10 70°C, Ve = 5.0V 5%; GND = 0V (Note 1).

8080 Bus Parameters

Read Cycle: R
8257 8257-5
Symbol Parameter Min. Max. | Min. Max. | Unit Test Conditions
TaR Adr or CS} Setup to RD ns
Tra Adr or CS1 Hold from RD1 ns
Tho Data Access from RD 0 300 0 200 ns (Note 2)
Tor DB-Float Delay from RD1 20 150 20 100 ns
TeR RD Width 250 250 ns
Write Cycle: .
8257 82575
Symbol Parameter Min. Max. | Min. Max, Unit Test Conditions
Taw Adr Setup 10 WRY 20 20 ns
Twa Adr Hold from WR1 0 0 ns
Tow Data Setup to WR1 200 200 ns
Two Data Hold from WR 1 0 0 ns
Tww WR Width 200 200 ns
Other Timing:
8257 8257-5
Symbol Parameter Min. Max. Min. Max. | Unit Test Conditions
TRsTw | Reset Pulse Width 300 300 ns
TrsTD Power Supply! (Vcc) Setup 1o Resetd 500 500 us
1 Signal Rise Time 20 20 ns
T Signal Fall Time 20 20 ns
TasTs Reset to First IOWR 2 2 ey :
Notes: 1. All timing measurements are made a1 the following reference voliages unless specified otherwise:  Input “1* at 20V, “0" a1 0.8V

2. 8257: C( = 100pF, 8257-5: C|_= 150pF.
8257 PERIPHERAL MODE TIMING DIAGRAMS
Write Timing:

Taw——

ADDRESS BUS

X

ifo wh

Reset Timing:

RESET ;

T,
ASTW

—Tasro—

w0

Read Timing:

R

Output 1" at 2.0V, 0" a1 0.8V

Tang——«]

ADDRESS BUS )! I g(
Tan — |——1‘n.
= ]
Tuo b : —Tor

Input Waveform for A.C. Tesis:

70 70
= testromis T
on~ ~~ o8

LE Y
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A.C. CHARACTERISTICS: DMA (MASTER) MODE Ta = 0°C to 70°C, \,rccr-; +5V +5%, GND-= ov

4y

i

v

8257 8257-5
SYMBOL PARAMETER MIN. MAX. MIN. MAX. UNIT
Tey Cycle Time (Period) 0.320 4 320 4 Hs
T8 Clock Active (High) 120 BTey 80 BTey ns
Tas DRQ? Setup to 0 4(S1,54) 120 120
Tax DRQ! Hold from HLDA1!4] 0 0
Toa HRQ1! or !Delay from 81(S1,54) 160 160 ns
(measured at 2.0v)!"!
Toa1 HRQ' or {Delay from 0 1(S1,54) 250 250 ns
(measured at 3.3v)I3
Tus HLDAT1 or {Setup to 04(S1,54) 100 100 ns
TAEL AENT Delay from 0 4({S1)I1} 300 300 ns
TAET AEN! Delay from 81(S1)!1 200 200 ns
TaEA Adr(AB){Active) Delay from AENT(S1){4] 20 20 ns
Teaag | Adr(AB){Active) Delay from 01(51)!2) 250 250 ns
TAFAB Adr (AB)(Float) Delay from 6 1(SI}Zi 150 150 ns
Tasm Adr (AB)(Stable) Delay from 01(51)I2 250 250 ns
TaH Adr (AB)(Stable) Hold from 01(S1)12] Tasm-50 Tasm-50
TaHR Adr{AB)(Valid) Hold from Rd1(S1,51)14] 60 60 ns
TAHW Adr(AB)(Valid) Hold from Wr1(S1,51)14] 300 300 ns
TraDB Adr(DB)(Active) Delay from 81(S1)12 300 300 ns
TAFDB Adr(DB)(Float) Delay from 8 1(S2)!2] : TsTT+20 250 TerT+20 170 ns
Tass Adr(DB) Setup to AdrStbi{S1-52)14 100 100 ns
TaHs Adr(DB){Valid) Hold from AdrStb4(S2)14] 50 ; 50 ns
TsTL AdrStbt Delay from 0 1(S1)L01 200 200 ns
TsTT AdrStbl Delay from 01(S2)L1] 140 140 ns
Tow AdrStb Width (S1-52)14] Tey-100 Tey-100 ns
Tasc Rd4 or Wr(Ext)} Delay from AdrStb4(52)141 70 70 ns
Tosc Ad} or Wr(Ext)4 Delay from Adr(DB) 20 20 ns
(Float)(S2)!4l
Tax DACKT or {Delay from 04(52,51) and 250 250 ns
TC/Markt Delay from 81(S3) and
TC/Mark{ Delay from 01 (54)1.5
Toel Rd4 or Wr(Ext)4 Delay from 01(S2) and 200 200 ns
Wri Delay from 81($3)! 2.6l
Toct Rd*t Delay from 04(S1,S1) and 200 200 ns
Wrt Delay from 81(54)12.7]
TrAC Rd or Wr (Active) from 81(S1)!2) 300 300 ns
Tarc Ad or Wr (Float) from @1(S1)i2] 150 150 ns
Thwm Ad Width (S2-S1 or S1)I4] 2Tcy + Tp-50 2Tey + Tp-50 ns
Twwm Wr Width (53-54)14] Tey-50 Tey-50 ns
Twwme | Wr(Ext) Width (S2-S4)14] 2Tey-50 2Tey-50 ns
Tas READY Set Up Timeto 81 (S3, Sw) 30 30 ns
' TRH READY Hold Time from 81 (S3, Sw) 20 20 ns

Notes: 1, Load = 1TTL 2 Load=1TTL + 50pF.

5. ATak <50ns. 6. ATpgL<850ns. 7. ATpcT <50 ns.

3. Load =1 TTL+ (R = 3.3K), Vg = 3.3V. 4. Tracking Specification.
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DMA MODE WAVEFORMS

8257/8257-5
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8212/3212*
8-BIT INPUT/OUTPUT PORT

, Fully Parallel 8-Bit Data Register and = 3.65V Output High Voltage for Direct
Buffer Interface to 8080 CPU or 8008 CPU
; Service Request Flip-Flop for Interrupt

Generation m Asynchronous Register Clear
s Low Input Load Current — 0.25 mA Max m Replaces Buffers, Latches, and Multi-
3 3-State Outputs plexers in Microcomputer Systems
s Outputs Sink 15 mA = Reduces System Package Count

me Intel® B212 input/output port consists of an B-bit latch with 3-state output buffers along with control and device
wlection logic. Also included is a service request flip-tiop for the generation and control of interrupts to the
sicroprocessor.

me device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the
wincipal peripheral and input/output functions of a microcomputer system can be implemented with this device.

Hole: The specilications for the 3212 are idenlical with those lor Lhe 8212,

PIN CONFIGURATION LOGIC DIAGRAM
. -~/ SERVICE REQUEST FF
os, [t 24 (Jvee
wo[] 2 23 [JNT ' . DEVICE SELECTION
o, [ 2 22 [Joy, o .
oo, L4 21| _|pO, 3 j } INT
3> os2 TACTIVE LOW)
oLL)s 20| Joi, = _D__ -
6 1w [ Joo
0% 8212 ? > mo W
o,[]7 18 [ Joig - o W
i~ a4 ¥ 1100, E>re I il T oureur
o,s % [Joi, ! ! H | BuFFEs
oo, ] 10 15 [_Joog — ! |
. 14 | JCin >oun Hn o+ e, >
sT8 CLR : - 8 0y
eno[] 12 13 | Jos, ; : |
B>e ; [ o 002 [£>
Ly |
Do o 00y >
: 4% i
=1 =
>0, i + 004
PIN NAMES HC | |
pe
Oh D | DATA N B> o1y e (] e 'Bbl 0og, (5>
DOy DOy | DATA OUT . | e |
| B%Ds; | DEVICE SELECT i |
“0 WODE 7 | |—1!
T8 STROBE B> —1° o ’B—F vog (>
D INTERRUPT [ACTIVE LOW) HEw ] |1 |
Eh CLEAR |ACTIVE LOW) ! - | .- |
@ o, Huv o ! 7007
| 8 |
‘. A
@0 1 : oop >
| | |
I

> &

tACTIVE LOW)

)
L
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FUNCTIONAL DESCRIPTION
Data Latch

The 8 flip-flops that make up the data latch are of a
"D" type design. The output (Q) of the flip-flop will
foliow the data input (D) while the clock input (C) is
high. Latching will occur when the clock (C) returns
low.

The data latch is cleared by an asynchronous reset
input (CLR). (Note: Clock (C) Overides Reset (CLR).)

Output Buffer

The outputs of the data latch (Q) are connected to
3-state, non-inverting output buffers. These buffers
have a common control line (EN); this control line
either enables the buffer to transmit the data from
the outputs of the data latch (Q) or disables the

| bulfer, forcing the output into a high impedance

state. (3 -state)

This high-impedance state allows the designer to
connect the 8212 directly onto the microprocessor
bi-directional data bus.

Control Logic

The 8212 has control inputs DS1, DS2, MD and
STB. These inputs are used to control device selec-
tion, data latching, output buffer state and service
request flip-flop.

' DS1, DS2 (Device Select) :

These 2 inputs are used for device selection. When
DS1 is low and DS2 is high (DS1 + DS2) the device is
selected. In the selected state the output buffer is
enabled and the service request flip-flop (SR) is
asynchronously set.

MD (Mode)

This input is used to control the state of the output
buffer and to determine the source of the clock input
(C) to the data latch.

When MD is high (output mode) the output buffers
are enabled and the source of clock (C) to the data
latch is from the device selection logic (DS1 - DS2).
When MD is low (input mode) the output buffer state
is determined by the device selection logic (DS -
DS2) and the source of clock (C) to the data latch is
the STB (Strobe) input.

STB (Strobe)

This input is used as the clock (C) to the data latch
for the input mode'MD = 0) and to synchronously
reset the service request flip-flop (SR).

Service Reqeust Flip-Flop
The (SR) flip-flop is used to generate and co--

interrupts in microcomputer systems. It is ..
chronously set by the CLR input (active lowj y,...
the (SR) flip-flop is set it is in the non-intenu:..,‘

state.

The output of the (SR) flip-flop (Q) is connece- ..
an inverting input of a “NOR" gate. The other ,--
to the "NOR™ gate is non-inverting and is connez:, -
to the device selection logic (DS1 - DS2). The oy
of the “NOR" gate (INT) is active low (interryp: -.
state) for connection to active low input prc:-,
generating circuits.

DEVICE SELECTION

SERVICE REQUEST FF

> 5%
i3> ns?
B>
> ste T e
| 1 | | B
| | 1 L~
o - [ o+ ey T
DATA LATCH | “Et | |
— 1!
DDI? h"""'\__l Do | B—Lmlt
| ,.{L ol || |
Bmy
>0y, T e [ B‘L“"JT_'
4:n | | |
o —
' it |
oy Lo + ey T
! |
[fE> o1, +——0 O | o, T
| "If._l )
I e | 1}
B> o I Io o ve, [
Cu | |
== iy
Eo> o1y +—Huv o l i oo,
| 'Ii“‘_;‘ | |
| |
@D‘l | | W'D
I |
&> cim |
IACTIVE LOW) |
-
STB | MO | (DSy-D5;1 DATA OUT EQUALS cLh | (OF, 050 | sT8 | 1 L
o | e ° ISTATE ° 0 o | 1!
1 ]e ° ISTATE 0 1 [
(] 1 L] DATA LATCH 1 1 -
' 1 ° DATA LATCH N N 0 V1
L] o 1 DATA LATCH 1 o o 1 ;
1 1 DATA N
s |9 ' DATA IN ) s = AL i
1 1 1 DATA IN *INTERNAL SR FLIFFLDF

LA~ RESETS DATA LATCH

SETS SR FLIP FLOP
MO EFFECT ON QUTPUT BUFFER]

Note that the SR flip-flop is negative edge triggered. ' Figure 1. Service Flip-Flop Function
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nPPLICATIONS OF THE 8212 — FOR
MICROCOMPUTER SYSTEMS

« Basic schematic symbols

« Gated buffer

« Bidirectional bus driver

« Interrupting input port

gasic Schematic Symbols

1wo examples of ways to draw the 8212 on system
«chematics—(1) the top being the detailed view
showing pin numbers, and (2) the bottom being the
symbolic view showing the system input or output

* Interrupt instruction port
* Qutput port

* BOBOA status latch

* 80B5A address latch

as a system bus (bus containing 8 parallel lines).
The output to the data bus is symbolic in referenc-
ing 8 parallel lines.

INPUT DEVICE
—_—
3 STB a
=10 DOf——
i | 8
2] ol
61 g PIS
18 17
20 N K
22 |CLR INT | 2
]’ mp |23
68, | os,D
Y1 |2 |
GND
INPUT —"]
STROBE * ]

SYSTEM
INPUT

Ry

(DETAILED)

8212 > (SYMBOLIC)
1 .

~—" Vee

OUTPUT DEVICE

|

STB
o]} DOpF——

|W|¢l -

2

l

)

B2

]

INT CLR
1

L

el elzlse] ||
|

MD
os, DS

IERER

s

—

L U

ouTPUT
FLAG

SYSTEM

CLRA INT INT CLR jo—
PHUL AL I T Y
GND DATA BUS DATA BUS Vee
figure 2. Basic Schematic Symbols
Gated Buifer (3-State) (P
[=+

Te simplest use of the B212 is that of a gated

sulfer. By tying the mode signal low and the strobe
sput high, the data latch is acting as a straight
mrough gate. The output bufters are then enabled
om the device selection logic DS1 and DS2.

‘inen the device selection logic is false, the outputs
e J-state.

tinen the device selection logic is true, the input
2l from the system is directly transferred to the
aulput. The input data load is 250 micro amps. The
aulput data can sink 15 milli amps. The minimum
hgh output is 3.65 volts.

GATING

CONTROL
|DSW05s2)

518

INPUT
DATA 8212
(250 uA)

Y————— TR

OuTPUT
DATA
[15mA)
13.65V MIN)

_I:—-——-—-—v |
GND

Figure 3. Gated Buffer (3-State)
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Bidirectional Bus Driver

A pair of 8212's wired (back-to-back) can be used
as a symmetrical drive, bi-directional bus driver.
The devices are controlled by the data bus input
control which is connected to DS1 on the first 8212
and to DS2 on the second. One device is active, and
acting as a straight through buffer the other is in
3-state mode. This is a very useful circuit in small
system design.

Interrupting Input Port
This use of an 8212 is that of a system input port

| that accepts a strobe from the system input source,

which in turn clears the service request flip-flop
and interrupts the processor. The processor then
goes through a service routine, identifies the port,
and causes the device selection logic to go true —
enabling the system input data onto the data bus.

Interrupt Instruction Port

The B212 can be used to gate the interrupt instruc-
tion, normally RESTART instructions, onto the data
bus. The device is enabled from the interrupt
acknowledge signal from the microprocessor and
from a port selection signal. This signal is normally
tied to ground. (DS1 could be used to multiplex a
variety of interrupt instruction ports onto a com-
mon bus).

Vee
STB
DATA bar
1 .
—cf CLR
DATA BUS
CONTROL —] L PSS |
(0= L =R} GND
f=R=L] .
STB
8212 K '
— CLR
S
GND
Flgure 4. Bidirectional Bus Driver
DATA
INPUT BUS
STROBE "_| _,7
sTB
SYSTEM
ik we [
SYSTEM —_ e
RESET CLR INT
PORT — 7 | —~_
SELECTION GND TO PRIORITY &1
|DS1=D52) (ACTIVE LOW|
OoR
TO CPU
INTERRUPT Ine."
Figure 5. Interrupting Input Port
Vee DA
t [
o
sTB
RESTART
INSTRUCTION C B212
(RST 0—RST 7
L— CLR
(D7) PORT SELECTION ——1 | B

GND
INTERRUPT ACKNOWLEDGE

Figure 8. Interrupt Instructicn Port
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8212/3212

output Port (With Handshaking)

the 8212 can be used to transmit data from the data
»us to @ system output. The output strobe could be
; hand-shaking signal such as “reception of data™
wom the device that the system is outputting to. It
n turn, can interrupt the system signifying the re-
reption of data. The selection of the port comes
vom the device selection logic. (DS1-DS2)

DATA

BUS
o [ OUTPUT STROBE
578
N sz :> SYSTEM OUTPUT
—O iNT CLR [p——— SYSTEM RESET

T i - PORT SELECTION
SYSTEM Vec {LATCH CONTROL)
INTERRUPT (D5-052)

Figure 8, 8080 Status Latch

1080 Status Latch

4ere the 8212 is used as the status latch for an 8080
sicrocomputer system. The input to the 8212 latch
s directly from the 8080 data bus. Timing shows
#at when the SYNC signal is true, which is con-

Note: The mode signal is tied high so that the output
on the latch is active and enabled all the time.

It is shown that the two areas of concern are the
bidirectional data bus of the microprocessor and.the

~ecled to the DS2 input and the phase 1 signal is control bus.
. yue, which is a TTL level coming from the clock
senerator; then, the status data will be latched into
he 8212.
10
Dy r Dy
D, . o,
0, 1= D,
23 3 g* DATA BUS
4 a
8080 o, | of
D‘ 6 Di.
D, D,
svnc |2
pBIN L
o1 o2 STATUS
2 Y LATCH
n 2lo, Do J4— nTA |
f\- 5 16 WO T T2
N -‘r—_“h\‘ 7 ._ STACK
—72- % g::A el /_\_/- \___
18 8212 77— BASIC
20 55— |\ FconthoL ° /N /]
CLOCK GEN. Jlo1TTL) S { F— MEMR synel / \_
& DRIVER —c CLR
14| DS, mD OGS, = o
I3 |2 ?1 DATA A b
T DBIN ) e
STATUS A
Vee

figure 7. Output Port (With Handshaking)
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ABSOLUTE MAXIMUM RATINGS*
Temperature under bias plastic........... 0°Cto75°C  "COMMENT: Stresses above those listed under "Absolule Maximun
Storage temperature ......... LS. 0°C to 75°C Ratings" may cause permaneni damage lo the device. This is a sty
All output or supply voltages........... B TN TRl solapitnaiool sy ek,
All inputvoltages................... -1.0Vto + 55V this specification Is not impliad. ; g
Outputcurments. ......oovvsnnnasssscencnans 100 mA
D.C. CHARACTERISTICS
Ta = 0°Cto +75°C Ve = +5V £5%
Symbol Parameter e Unit Test Conditions
Min, Typ. Max,
I Input Load Current ~.25 mA Vi = .45V
ACK, DS,, CR, DI,-DI, Inputs
I Input Load Current \ -.75 mA V; = .45V
MD Input ;
I Input Load Current : -1.0 mA Vi = .45V
DS, Input
Ie Input Leakage Current 10 MA Ve & Vee
ACK, DS, CR, DI,-Dl, Inputs
I Input Leakage Current 30 1A Vg &Vec
MO Input \
le Input Leakage Current 40 LA Va € Ve
DS, Input
Ve Input Forward Voltage Clamp -1 v le = =5mA
Vi Input “Low” Voltage i .85 Vv
Vin Input “"High" Voltage 2.0 Vv
Vo Output “Low" Voltage - .45 Vv loe = 15 mA
Vou Output "'High” Voltage 3.65 4.0 Vv low = —1 mA
lsc Short Circuit Output Current -15 - -75 mA Vo = 0V, Ve =5.0V
lo Qutput Leakage Current 20 uA Vo = .45V/5.25V
High Impedance State ) .
lec Power Supply Current 90 130 mA
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TYPICAL CHARACTERISTICS
INPUT CURRENT VS. INPUT VOLTAGE i OUTPUT CURRENT VS. OUTPUT “LOW" VOLTAGE
) = | b
o = )
100 ] -rc’ /1..5’; ik
A -Ta -75C

f/
4

T, =25C

INPUT CURRENT (WA}
-
2

OUTPUT CURRENT [mAl

-3 -1 -1 o 1 L 43 = L] 2 A & ¥ ]
INPUT VOLTAGE IV} OUTPUT "LOW" VOLTAGE (V)
OUTPUT CURRENT VS. DATA TO OUTPUT DELAY
OUTPUT “HIGH" VOLTAGE V5. LOAD CAPACITANCE
° T & T
Ve = *5.0V Ve = *5.0V
-5 T, 25°C

OUTPUT CURRENT [ma)
&
77
"
b
(1]
DATA TO DUTPUT DELAY [nal
L\~
A=
\
\
A
\
\
A
\ \

)
NN\
N
\

8, 10 20 10 a0 5.0 | & % 10 150 200 %0 300
OUTPUT “HIGH™ VOLTAGE (V) : LOAD CAPACITANCE (pF)
DATA TO OUTPUT DELAY ’ WRITE ENABLE TO OUTPUT DELAY
VS. TEMPERATURE VS. TEMPERATURE
n T - T
Vee = 480V Vee = 450V

2 R !
3 z
’5' " ',’ g »n
3 7 5 l >
a . (SR
& > § | L= i
2 . =t B = i — = };;"
3 22 to- = sT8 p = s
° ! os, —r =
= 3 20 == (5
2 ] El ,...---""'-.'.----__----'-"l
4 -

£ .2
i} Eow
i) 10
-5 ° 5 ) ™ 100 B [ 2% 7 7% 00

TEMPERATURE ("C) TEMPERATURE I°C)
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TIMING DIAGRAM

QUTPUT Xmsv
i

OuUTPUT Xf ’\-*\,#__‘_T;L_-

P.._ s 1SET ¢ T W . -

F—_—————————
QUTPUT »\mv
J

iNT *[\ 15v

NOTE: ALTERNATIVE TEST LOAD 'R
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A.C. CHARACTERISTICS

T,=0'Cto +75°C,Vge = +5V £5%
| symbol Parameter g L"I'T:s T Unit Test Conditions
|t Pulse Width 25 ns
| Le Data To Output Delay 30 ns
g, Write Enable To Output Delay 40 ns
D b Data Setup Time 15 ns
1 Data Hold Time 20 ns

L Reset To Output Delay 40 ns
| ¢ Set To Output Delay y 30 ns
'___ | output Enable/Disable Time 45 ns
i L_—_ Clear To Output Delay 85 ns

1
| CAPACITANCE®
F=1MHzZ, UBIAS = 2.5V. Vcc = +5V, TA = 25°C .

ks Tt | LIMITS
) Typ. Max. |

1Cu DS, MD Input Capacitance 9 pF 12 pF

C. DS,, CK, ACK, DI1,-Dl; 5 pF 9 pF
Input Capacitance |

[ DO,-DO, Output Capacitance 8 pF 12 pF

*This parameter is sampled and not 100% tested.

SWITCHING CHARACTERISTICS

Conditions of Test ) Test Load
Input Pulse Amplitude = 25V 15mA & 30pF
input Rise and Fall Times 5 ns

Between 1V and 2V Measurements made at 1.5V

«ith 15 mA & 30 pF Test Load

Vee
300

TO
D.UT.

e

600

= INCLUDING JIG & PROBE CAPACITANCE



DESCRIPTION PIN CONFIGURATION
The Signetics 2513 is a high speed 2560-bit ;
Static ROM organized as 64x8x5. A stand- cE . QUYPUT N P‘:CLKAGE Lo
ard 7x5 dot matrix fits well in the 2513. The 0 DATA - !,2 vae [ ) 5] vee i
product uses +5V, -5V and -12V power 1 OPEN ne T _—— !
supphes, TTL level interface signals and Tri- . i ==
State Outputs for direct, low cost interfac- < ). Aaraics
ing with TTL, DTL. CMOS and 2500 Series out 1] 5] Acarens
MOS. ow? [3] 7] Acdres 7
RN D (7] asamms
TIMING DIAGRAM - ) A
\ e v [3] (] Adaesat
. 0¥ ne [3] (=] Anasend !
CHARACTER ADDRESS f\ gav
1Ag-Ag! p ov Ground 4] 3 Asares 7
\ 5oV Chip Enanis E 3 Acarew |
i v -— v 0 ] NE
ROW ADDRESS L oav \_ oav > Voo [
Ay-Ay) : h L4 -
) X
! : C TV 3 i ™ BLOCK DIAGRAM
ouTPUT " | . 1
0500 .' . 04V : oav R —
i ie s Aoy i - 'HA «--I = T e
Ica  Cnaracier Access Time j 1
1RA - Row Access Time -w o |
“
AC TEST SETUP » tE y
o O H . -
~ % -
' B {
__._],_ : T.___.qo.“
av e Vec —
w—l_L |Aw 2813 Om Eoun
LI PR AC CHARACTERISTICS
1opf 1hpF
I*"" - SYMBOL TEST MIN | TYP | MAX |UNT
= = b= = = = !
- s v ¢ LCA(CM2140)Character Access Time 600 | ™ ¢
tra Row Access Time (Aq - A3) 500 | ™.
tgg Chip Enable to Output | n |
Ta=0°Cto #70°C: Vo =5V (Note B): Vpp =-5V £ 5% VGG*
-12Vv * 5%; unless otherwise noted.
COMPANY.
ADDRESS
T RMAT
CITY. STATE ZIP CHARACTER FO
TELEPHONE - ROW ADDRESS
AUTHORIZED AGw.ABDRESS ouTPUTS
SIGNATURE Ag|Aaz]| A,y 05 O4 03 02 O
DATE ofjo|o ololoo]el
CUSTOMER PRINT OR ID NO.
PURCHASE ORDER NUMBER ofo|1 B OO US
DEVICE TYPE 2513 e lvlo Yol o 5
CUSTOM PATTERN NUMBER (TO BE ENTERED BY 1
SIGNETICS) ; 01| 1Jojo|o :1
131 )el’
ORGANIZATION AS CHARACTER GENERATOR L8 e 2 :
A six-bit binary address (A4 through A9) selects 1-of-64 matrix characters arranged 5 10| o|o|ojoji}
dots horizontally and 8 dots vertically. A three bit binary address code (A1 through A3) 1 1 1Y ololo[t)
selects 1 of 8 rows. Five outputs display a complete row of the character matrix. See o
Figure 1. The devices may also be used in pairs to provide 9 X7 and 10 X 8 vertical scan B ENE o [ X X1])ei"
formats 4
EXAMPLES i
FIGURE 1 b
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i CHARACTER ADDRESS
3 COLUMN ADDRESS

Ay | Aglag|a7|Ag| A

gﬁ:acrsn""“"’

3 FIGURE 2

IDENTIFICATION CARDS
vl

2513-N.|

ORGANIZATION AS READ-ONLY MEMORY
For a straight 512 X 5 read-only memory, the five outputs will display any one of 512 5-bit
stored words corresponding to a 9-bit address applied to Aq through Ag.

CUSTOM DEVICES

For unique custom memory patterns, this form should be used to transmit coding
instructions The nomenclature for a cuslom device will consist of ha basic product type
followed by a unigue CM number assigned by Signetics. For example, "2513N/CM2141",

m PROGRAMMING WITH PUNCHED CARDS

For maximum accuracy and minimum cost and turn-around time, the truth table
should be transmitted to Signetics in the form of punched cards according to the
formal indicated on the following pages.

VERIFICATION

Upon receipt of either punched card or written truth table information, Signetics will
prepare a computer tabulation of the instructions and return to the address indicated. If
errors are detected, they should be transmitted to Signetics as quickly as possible.

LOGIC CONVENTION
Logic “1"s or blackened squares in the truth table will result in “high” output from the
indicated output terminal (i.e. 3.2V minimum). Similarly, a “1" address input level is
interpreted as 3.2V minimum.

|
1 INDICATES “COMMENT"” CARD

BASIC PART TYPE

LEAVE COLS. 22, 23, 24, 25 BLANK
FOR ASSIGNMENT OF CM NO. BY SIGNETICS

CUSTOMER P/N IDENTIFICATION

SIGNETICS 2513NX/CM
pmn ]

0
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. PERSON RESPONSIBLE FOR REVIEWING SIGNETICS
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11

COMPUTER GENERATED TRUTH TABLE
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SPEED/PACKAGE AVAILABILITY

54 F.w 74 AF
54H F.W 74H AF
54LS F.wW 74LS AF
545 F.W 745 AF

PIN CONFIGURATION

54/74, 54/74LS, 545

AF,W PACKAGE

[ [:

1| 4y

2 [1]
26 [ ]

B
ano[7]

ik @3”

oE

Positive logic: ¥ = AB

3 Vee

1w Eﬁ :I Al
LA E & | aa

54/74H
W PACKAGE

SWITCHING CHARACTERISTICS vgg = 5V, Tp = 25°C

54/74 54/74H 54/74L8 54/745

Cp=15pF Cy =25pF Cy=15pF Cy=15pF
TEST CONDITIONS Ry =400 Ry =2800 R =2k Ry -2800
PARAMETER MIN TYP MAX | MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX | UNIT
Propagation delay time
ipLH Low-to-high 1" 22 5.9 10 9 15 2 3 4.5 ns

C =50pF
4.5

tpyL High-to-low 7 15 6.2 10 10 15 2 3 5 ns

| SPEED/PACKAGE AVAILABILITY

54 FW 74 AF
| 54LS FW TALS AF
548 FW 745 AF

PIN CONFIGURATION

v E_
4
8 3]

74,54/74LS, 54/74S
AF.W PACKAGE

1]

%‘3 .

54
W PACKAGE
-] rwj‘
4R
= :l=
-0 HRE
O
o
L.

Lk

| 2v E_!.

; 2a EAL@ [5) v
wnw [7] ] sn

. Positive logic' Y - A1 B

|

: SWITCHING CHARACTERISTICS vig - 5V, TA = 25°C

| 54/74 54/74LS 54/74S

| Cy = 15pF Cy - 15pF Cyp ~15pF

TEST CONDITIONS Ry =400 R =2k0 Ry - 2800

PARAMETER MIN | TYP | MAX |MIN |TYP | MAX |MIN |TYP | MAX |UNIT

Propagation delay time

tpLH Low-to-high 12 | 22 8 | 15 35 | 55 | ns

tpHL High-to-low 8 | 15 8 | 15 35 | 65 | ns




SPEED/PACKAGE AVAILABILITY

54 F.wW 74 AF
54H F.W 74H AF
54LS F.W T74LS AF
545 F.W 745 AF

PIN CONFIGURATION

_—————
————————

74,74H, 54/74L.5,545
AF,W PACKAGE
1A "% 3 Veo
w K;7—1_,—_,] -
28 EJ} 7] e
G G
aa E—‘% L—E‘ 5Y
av [:—? 5\—:! an
ND E 7] av

W PACKAGE

olcEols)

vco

< e [+]

'y

=]

G E

ik
Cvh

n|GND

(=] T=J 1= &

_

SWITCHING CHARACTERISTICS vgg= 5V.Tp = 25°C

54/74 54/74H 54/74LS 54/748
Cp=15pF Cp=25pF Cy =15pF Cy =15pF

TEST CONDITIONS Ry_=4001 Ry = 2800 Ry =2k Ry =2800

PARAMETER MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX MIN | TYP | MAX | UNIT

Propagation delay time

tpLH Low-to-high 12 22 6 10 5 15 2 3 4.5 ns
Cy -50pF

4.5

tpyL High-to-low 8 15 6.5 10 ] 15 2 3 5 ns

Cy =50pF

SPEED/PACKAGE AVAILABILITY  PIN CONFIGURATION

54 Fw 74 AF
54H F.W 744 AF 54/74,74H,54/74LS, 54/74S 54H
54LS F.W 74LS AF AF,W PACKAGE W PACKAGE
545 FW 74S AF 2l E 3 vee
- - mE
w [ ] a8
«[] =
1 [7] 2] aa o] :] e
wl =]« -OF i0-
28 [+] @ E] a8 -] s
2v [¢] @3 T " EE [ 1=
ono 7] v av o[ Lle
SWITCHING CHARACTERISTICS vgg= 5V, Ta = 25°C
54/74 54/74H 54/74LS 54/748
Cp=15pF Cp~25pF Cp=15pF Cy=15pF
TEST CONDITIONS Ry - 4000 Ry 2800 R -2k Ry -280%
PARAMETER MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP MAX | UNIT
Propagation delay time
lpLH  Low-to-high 17.5 27 7.6 12 8.5 15 4.5 7 ns
ch sopF
6
tpHL High-to-low 12 19 88 12 8 20 5 7.5 ns
i Cy =50pF
i | 75 |
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SPEED/PACKAGE AVAILABILITY

54 FW 74 AF

SWITCHING CHARACTERISTICS vgg = 5V, Ta = 25°C

54/74
Cyp - 15pF
TEST CONDITIONS RL 1100
PARAMETER MIN | TYP | MAX | UNIT
Propagation delay time
tpLH Low-to-high 10 15 ns
tpHL High-to-low 15 23 ns

SPEED/PACKAGE AVAILABILITY
54 FW 74 AF

54LS FW 74LS AF

SWITCHING CHARACTERISTICS VG - 5V, Tp - 25°C

PIN CONFIGURATION

AF,W PACKAGE

Ty
=Y

PIN CONFIGURATION

AF,W PACKAGE

14 E u| Vee
18 E% 1| 4B
—_—

54774 54/74LS w ;j—L:! -
Cy - 15pF Cy=15pF 2a [1] n] av
TEST CONDITIONS Ry~ 4000 Ry -2k0
28 E_' E a8
PARAMETER MIN | TYP | MAX | MIN | TYP | max | uNiT
2y E_: | 3
Propagation delay lime
tpLH  Low-to-high 10 15 9 | 22 ns ano [7] <] av
tpHL High-to-low 14 22 9 22 ns Posive logic: y = A+B
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION
4 FW 74 BF B.F,W PACKAGE
54LS F.W 74LS BF =
rDl 16|v
SWITCHING CHARACTERISTICS Vg - 5V, T4 - 25°C 0 [vee
54/74 54/74L8 ye 154
Cp - 15pF Cy = 15pF 23] Z L (-
| [TEST CONDITIONS Ry -4000 R ~2KQ =
| QUTPUTS :IE E!c
FROM TO
PARAMETER INPUT | OUTPUT |MIN [TYP | MAX |MIN |TYP | MAX |UNIT a[s] 1] 0
| |Propagation delay time s 8] 119 ]
ItpLH Low-to-high AB,C,D| through 10 | 25 10 | 25 ns
| 2 logic :’E ; Eu OUTPUTS
tpHL High-to-low levels 14 25 14 25 ono[8] _T.JT‘J
tpLH Low-to-high ABC.D| through 17 | 30 7 | 30 | ns
3 logic
|tpHL  High-to-low lovels 17| 30 17 | 30
FUNCTIONAL BLOCK DIAGRAM FUNCTION TABLE
o W, W osve | INO.| BCD INPUT DECIMAL OUTPUT
D CB A/0O 1 2 3 4 5 6 7 8 9
— ouneut 1
Al OfL L L LfL HH HHUHTUHIHH H
DJWIN" 1L L L HIH L H HHHMHHMH H
2{L L H L|H HLHHHUHHIH H
- g L 3L L H H|H HHLUHHIHHH H
"'"“ﬁ->-" : = ; 4L H L L/H HHHLHBHTBHTH H
of TP D —2ourus 5/L H L H[H H H H H L HHH H
i . 6L H H L|H H H H HH L HH H
...mﬂ>.. < = p—"oueurs 7/LH H HIH HHHHHHLH H
8[H L L L|H HH HHHHUMHL H
= =f ) e 9|H L L H|H H HHHHHEHEH L
=4 H L HLIHHHHHIBHTHUBHEHUH H
nn 7] e IPUT ¢
'“‘“‘D"' D o/lH L H HlH H HHHHHMHH H
iy JIH H L L|H H H HHHUHUHIUH H
o r —UuTPUl N
LD D, SI|H H UH[H HHHHHEHHH H
1 Doureur e = |H H H L|IH HHHMHHHMHH H
H HHHIHHHHHIBHHIHH H

H = high level, L « iow level



SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION

54 F.wW 74 AF
54LS FW TALS AF AF.W PACKAGE
548 FW 745 AF
1A EV:C
'FUNCTION TABLE s 13] 48
INPUTS | OUTPUT 'y E“
A B Y 2a[3] E‘"
L
L :‘ : 28 (s gss
j H L H 2Y |6 +— E:ll
1 H H L
[ He Ngh evel, L = tow level Gno[7 DE
| positive logic ¥ = A M B - AB + AB

SWITCHING CHARACTERISTICS Vee = 5V, Ta = 25°C

54/74 54/74LS 54/748
j Cy =15pF Cy - 15pF C|=15pF
|| TEST CONDITIONS Ry =400 R -2k Ry =280
FROM TO

|| PARAMETER INPUT OUTPUT | MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX | UNIT

Propagation delay time AorB .
1| tPLH Low-to-high Other 15 23 12 23 7 10.5 ns
| input low
| tPHL High-to-low AorB 11 17 10 17 6.5 10
| tPLH Low-to-high Other 18 30 10 30 7 10.5
_ input high

tPHL High-to-low 13 22 18 22 6.5 10
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SN54LS165/SN74LS165
8-BIT PARALLEL-TO-SERIAL CONVERTER

DESCRIPTION—The 54LS/74LS165 is an 8-bit parallel load or serial-in register with

-complementary outputs available from the last stage. Paralle! inputing occurs asyn-

LOGIC SYMBOL

O= Pin Number

chronously when the Parallel Load (PL) input is LOW. With PL HIGH, serial shifting R RN
occurs on the rising edge of the clock; new data enters via the Serial Data (DS) input. J, T L
The 2-input OR clock can be used to combine two independent clock sources, or one - RO
input can act as an active LOW clock enable. LOADING (Note &) * il
: 2 :D cr arfo—1
. "%
PIN NAMES e 'l
CP,, CP, Clock (LOW-to-HIGH Going Edge) Inputs 0.5 U.L. 0.25 U.L. Vec = Pin 16
Ds Serial Data Input ~05U.L 025 U.L. GND = Pin R
PL Asynchronous Parallel Load (Active LOW) 1.5 U.L. 0.75 U.L. ’
Input 2 g F CONNECTION DIAGRAM
Py-P; Parallel Data Inputs 0.5 U.L. 025 U.L. DIP (TOP VIEW)
Q, Serial Output from Last State (Note b) 10 U.L. 5(2.5) U.L.
Q, Complementary Output (Note b) WUL | 5@5 UL Flj
' NOTES: ' e
a1 TTL Unit Load (ULL) = 40 A HIGH/1.6 mA LOW.
b. The Output LOW drive factor is 2.5 U.L. for Military {54) and § U.L. for Commarcial (74} an
Temperature Ranges.
TRUTH TABLE »C
—_ P NTENTS Ps
) o —  RESPONSE g
1]2|a o 0o ofa o o o e[
L x)x|p B P B[P P B P | Paraiiel Entry &[]
H|L|—s D © @ Q0 Q@ Q Q) RightShit oo ]
H H| | @ @@ 0| a O aQ Q | NoChange
Wl | L]|D @ @ @ @Q a a o] RigntsShilt
H - H Q, " Q Q, Q, Q, Q, Q, aQ, No Chlnge NOTE:
The Flatpak version has the same
H = HIGH Voltage Level P [{s Diagram/ as the
L = LOW Voliage Level Dual In-Line Package.
X = immatenal
LOGIC DIAGRAM
© @ @ @ @
s " L] L] " Y
| 1 | | | |
@ .w_t»—lrl ﬂ .
@ o m\«ﬂ-' .y Nﬂ-' .'ﬂhl et 1]
@ o . s i — . i s kol |-I
0 o a o a | 8
(OB
Vee = Pin 16
GND = Pin 8 :
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SN54LS165/SN74LS165

FUNCTIONAL DESCRIPTION — The 54L.5/74LS165 contains eight clocked master/slave RS
flip-flops connected as a shift register, with/ auxiliary P{:ting to provide overriding asyn-
chronous parallel entry. Parallel data enters when the signal is LOW. The parallel data
can change while PL is LOW, provided that the recommended set-up and hold times are ob-
served.

For clock operation, PL must be HIGH. The two clock inputs perform identically; one can
be used as a clock inhibit by applying a HIGH signal. To avoid double clocking, however, the
inhibit signal should only go HIGH while the clock is HIGH. Otherwise, the rising inhibit
signal will cause the same response as a rising clock edge. The flip-flops are edge-triggered
for serial operations. The serial input data can change at any time, provided only that the
recommended set-up and hold times are observed, with respect to the rising edge of the clock.

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (Vee)
PART NUMBERS TEMPERATURE
MIN TYP MAX
SNS4LS1B5X 45V 50V 55V =-55°C to =125°C
SN74LS165X 475V 50V 525 v 0°C to +70°C
X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packag g Int ion § tor packag lable on this prod

b o -

-

<L
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER UNITS | TEST CONDITIONS
: MIN TYP MAX
| Guaranteed Input HIGH Voltage
Vi Input HIGH Voltage 20 v for All Inputs
54 0.7 Guaranteed Input LOW Voltage
Vi Input LOW Vaitage 74 08| Y | ftor Allinputs
Veo Input Clamp Diode Voltage ~0.65 -1.5 v Vee = MIN |, = —18 mA
54 25 | loH = -400 wA Voo = MIN
V, Output HIGH Volt v
- wey "¢ 7 2.7 Vi = Viw or Vig_per Truth Table
54.74 0.25 0.4 lo, = 4 mA Voo = MIN Viy = Vi or
Vou Quipat LOW Volage 74 035 |05 |ah® [Tl =8mA | V. per Truth Table
|
HI
Iggtgs !ps!iPCurrenl 20 " Vee = MAX [
Br 60 Vie = 27V |
L
b
CP, DS. PP, 0.1 ma | Vee = MAX
PL 0.3 Viw =10V
Input LOW Current - i
§ : ) -04 Voo = MAX
b g PR Feby NI 12| ™ | ve-o0sv l
L ]
Qutput Short N Ve = MAX

los Circuit Current (Note 4) =15 100 A Vour = OV

lee Power Supply Current 6 mA Vee = MAX

NOTES:

1. Conditions for testing, not shown in the Table, are chosen to guarantee operations under “'worst case!’ conditions,

2. The specified LIMITS represent the “worst case” value for the parameter. Since these “worst case” values nor-
mally occur at the temperature and supply voltage extremes, additional noise immunity and guard banding can be
achieved by decreasing the allowable system operating ranges.

3. Typical limits are at Vg = 5.0 V, 259C, and maximum loading.

4. Not more than one output should be shorted at a time,

\
)
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SN54LS165/SN74LS165 .
AC CHARACTERISTICS: T, = 25°C
LIMITS
SYMBOL PARAMETER UNITS | TEST CONDITIONS
MIN TYP MAX
Toian Maximum Input Clock Frequency 30 45 MHz | Fig. 1
Propagation Delay, 30 ita Fio. 1 Vee =50V
Yy Clock to Output 30 9- C.= 15pF
ton Propagation Delay, 30 A
e PL to Output 30 ns Fig.2 3
AC SET-UP REQUIREMENTS: T, = 25°C i
LIMITS
SYMBOL PARAMETER UNITS | TEST CONDITIONS
MIN TYP MAX

Tw CP Pulse Width 20 ns Fig. 1
T PL Pulse Width 15 - ns | Fig.2
Tol Set-Up Time LOW, Data to PL 10 ns | Fig.3

— Vee = 5.0V
TaL Hold Time LOW, Data to PL 5 ns Fig. 3

— C. = 15pF

TH Set-Up Time HIGH, Data to PL 10 | ns Fig. 3
TH Hold Time HIGH, Data to PL 5 ns | Fig.3
T,L Set-Up Time LOW, Data to Clock 10 ns Fig. 3
Tal Hold Time LOW, Data to Clock 5 ns Fig. 3
TH Set-Up Time HIGH, Data to Clock 10 " ns Fig. 3
TaH Hold Time HIGH, Data to Clock 5 . ns Fig. 3
Tree Recovery Time, PLtoCP 15 ns Fig. 4
DEFINITION OF TERMS
SET-UP TIME (t,) — is dal| asthe time req forthe togic taval to ba presant at the logic input prior to the clock transition from LOW-
to-HIGH in order to be recogmized and transferred 10 the outpurs,
HOLD TIME (1) — 1s def as the time following the clock from LOW-to-HIGH that the logic level must be maintained at the input in
order 10 ensure d 9 . A neg. hold tme indeates that the logic level may be released prior 1o the clock transition from LOW-to-
HIGH and still be recognized
AECOVERY TIME (t,.)— is as the mi time required b tha end of the reset pulse and the clock transition from LOW-10-HIGH in order

to recognize and transfer HIGH Data to the Q outputs.

AC WAVEFORMS

Trwax — - ’-—m-u-i

|
-——T— (T | I'
ay o T, ..kuv 7—Ilu a; on G, tIv

Fig.1 Fig. 2

- e "Ek-','.'

‘.I»‘LJ-—|-P..-‘.. 'P.IUL’-;_..TJ.‘U }.._.. - —-L#'r.c—-!

|
5 omce v - o —_—

Fig. 3 Fig. 4

ce I:v7
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SNS4LS168/SN74LS168 © SN54L.S169/SN74LS169)

~BCD DECADE "~ “~MODULO 16 BINARY
SYNCHRONOUS BI-DIRECTIONAL COUNTERS

DESCRIPTION - The 54L3/74LS168 and 54LS/74LS169 are fully synchronous 4-stage |
up/down counters featuring a preset capability for programmable operation, carry lookahead
for easy cascading and a U/D input to control the direction of counting. The 54LS74LS5168
counts in a BCD decade (8, 4, 2, 1) sequence, while the 54L.S/74L5169 operates in a
Modulo 16 dinary sequence. All state changes, whether in counting or parallel loading, are
initiated b the LOV/-to-HIGH transition of the clock

* LOW POWER DISSIPATION 100mW TYPICAL

* HIGH-SPEED COUNT FREQUENCY 30 MHz TYPICAL
® FULLY SYNCHRONOUS OPERATION |
* FULL CARRY LOOKAHEAD FOR EASY CASCADING : 7 $

® SINGLE UP/DOWN CONTROL INPUT

* POSITIVE EDGE-TRIGCER OPERATION

® INFPUT CLAMP DICDES LIMIT HIGH-SPEED TERMINATION EFFECTS

® FULLY TTL AND CMOS COMPATIBLE LOADING (Note a)

PIN NAMES HIGH LOW
CEP Count Enable Parallel {Active LOW) Input 0.5 U.L. 025 UL
CET Count Enable Trickle (Active LOW) Input 10UL. 0.5 U.L.
CP Clock Pulse (Active positive going edgej Input 0.5 U.L. 0.25 UL
PE Parallel Enable (Active LOW) Input 0.5 U.L. 0.25 UL
ub Up-Down Count Control Input 0.5 UL 0.25 UL.
Pg-P, Parallel Data Inputs 0.5 U.L. 025UL
Qqy-Q5 Fhip-Flop Outputs 10 U.L. 5 (2.5) U.L.
T% Terminal Count (Active LOW) Qutput 10 UL 5(25) uU.L

NOTES

a 1 TTL Unet Load (U L) = 40uA HIGH 1 6 mA LOW

b. The Qutput LOW drive factor is 2.5 U.L. Tor Military (541 and 5 U I for Commercial (74)
Temnperature Ranges

STATE DIAGRAMS

F54LS/74LS168 F54LS/74LS169
UM DCWN DECADE COUNTER
E{:::‘__‘I:_—_“D;—.’l/j_ s e [ s [F) sy [
/ ”~

nRV AN

be 1 L « ]

el ¢ (@~
S4LS74LS 168 541.5/74L5169

UP  TC=Qp:-Q;-0ih
DOWN TC « Jg+ 3, +C3+ 33+ (D)

g
) e ] i 1

SRR T EEE)

Elr;‘_*EI::TEr_' —f——

= Count Up
— — —= Count Down

uP TC = +Qy -
DOWN TC = Gy - G, +

Q, -0y (UD)
5§ ‘6‘: « (WD)

LOGIC SYMBOL

3 3 4 35 s

|

| | |

PE P, P, P, P,
1—uo
? —d cep

c o— 13

w0 —3 CET
E==a e e, a a

2 —12
]

Vee = Pin 16
GND = Ping

e

CONNECTION DIAGRAM

DIP (TOP VIEW)
1QJue vee [] s
2] er fe[]s
Jq:ﬂ; Q; (] e
e e[
. s(e: Q:(Jn
s(]ep a-,j-'
7 cee cer[J 1o
s oo eel ],

—_—

NCTE

The Fintpax verson has the same
pnguts (Connection Cuagram) as ne
Bual in-Line Package
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SN54LS168/SN/4L5168 « SN54LS169/SN74LS169

- LOGIC DIAGRAMS "

.54LS/74LS168 .

BN R T

54LS/74LS168 -
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SN54LS168/SN74LS168 « SN54LS169/SN74L.5169

-

. ) F v
FUNCTIONAL DESCRIPTION — The 54LS/74LS168 and 54LS/74LS168 use edge-triggered D-type fiip-flops
and that have no constraints on changing the control or data input signals in either state of the Clock. The only
requirement is that the various inputs attain the desired state at least a set-up time before the rising edge of the
clock and remain valid for the recommended hold time thereafter.

The parallel load operation takes precedence over the other operations, as indicated in the Mode Select Table.
When PE is LOW, the data on the Pu—P inputs enters the fiip-flops on the next rising edge of the Clock. In order
for counting to occur, both CEP must be LOW and PE must be HIGH. The U/D input then determines
the direction of counting.

The Terminal Count (TC) output is normally HIGH and goes LOW, provided that CET is LOW, when a counter
reaches zero in the COUNT DOWN mode or reaches 15 (9 for the 54LS/74L.5168) in the COUNT UP mode. The
TC output state is not a function of the Count Enable Parallel (CEP) input level. The TC output of the
541.S/74LS168 decade counter can also be LOW in the illegal states 11, 13 and 15, which can occur when power
is turned on or via parallel loading. If an illegal state occurs, the 54LS/74L.S168 will return to the legitimate
sequence within two counts. Since the TC signal is derived by decoding the flip-flop states, there exists the
possibility of decoding spikes on TC. For this reason the use of TC as a clock signal is not recommended.

Y

MODE SELECT TABLE
" PE CEP | CET ub Action on Rising Clock Edge
L X X X Load (Pn-=—Qn)
H L L H Count Up (increment)
H L L L Count Down (decrement)
H H X X | No GChange (Hold)
H X H X No Change (Hold) *
H = HIGH Voltage Level
L = LOW Vonage Level
X = immatenal

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (V¢g)
PART NUMBERS TEMPERATUR
MIN TYP MAR EMPERATURE
SN54L5168/54L5 169X 45V 5.0V 55V -55°C to +125°C
SN74ALS168/74L5169X 475V 50V 525V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging information Section for packages
svailsble on this product.
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
BOL METER UNITS TEST CONDITIONS
e PARA MIN TYP MAX
Guaranteed Input HIGH Voltage
IGH V 20 v
Vin Input HIGH Voitage for All Inputs
54 0.7 Guaranteed Input LOW Voltage
I OW Volta v
i ety o 74 0.8 for Al Inputs
Yeo Input Clamp Dicde Voltage -065 | -1.5 v Vee = MIN, ljy = -18 mA
54 25 3.5 Vee = MIN, Igy = -400 uA
1t v
Vow Otpu:HIGH Vol 74 2.7 a5 Vin = ViK or viL per Truth Table
54, 74 025 | 0.4 loL = 4.0 mA | Vee = MIN, vy = Vi
Vou Ouiput LOW Vatiage 74 0.35 0.5 ¥ loL = 8.0 mA | or V_ per Truth Table
Input HIGH Current
u/D CP, PE CEP. Py-P 20 | uA | Voo = MAX, Vy =27V
CET 40
hw U/D, CP. PE, CEP. Po-P, 01| mA | Veg = MAX, V=10V
CET ™ 0.2
Input LOW Current o
i U/D, CP, PE, CEP, Py-P, -0.4 | MA | Voo =MAX, Viy =04V
CET \ -0.8
Output Short Circuit Current
I =15 =100 | mA Ve = MAX, V, ov
os {Note 4) cc our =
lcc Power Supply Current 20 34 | mA Voo = MAX
NOTES:

1. Conditions for testing, not shown in the table, are chosen to guarantee operations under "“worst case’’ conditions.
2. The specified LIMITS represent the "worst case’ value for the parameter. Since these “worst case’’ values nor-

mally occur at the temperature and supply voltage extremes,

achieved by decreasing the allowable system operating ranges.
3. Typical limits are at Ve = 5.0 V, 259C, and maximu:a loading.
4. Not more than one outru: should be shorted at a tima.

AC CHARACTERISTICS : T, -~ 25°C, Vee = 50V

additional noise immunity and guard banding can be

SYMBOL PARAMETER Y ":_':::S WAk | UNITS TEST CONDITIONS
| e HAHEIE
:::: CP1o TC ;: x ns Fig. 3
':';: CETwoTC :: ;: ns ‘Fig. 2 | C =15pF
::':: Whto TC z ;: ns Fig. 6 .
Tvax Maximum Clock Frequency 25 32 MHz Fig. 1
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AC SET-UP REQUIREMENTS: T, = 25°C

LIMITS
SYMBOL PARAMETER e = v W TEST CONDITIONS
LiL) Sel-up LOW, Data to CP ) 15 =12 2= oo Fig 4 -
t(H) Set-up HIGH, Data to CP 15 12 2
th{L) Hoki LOW Data to CP 50 [ s P8
th(H) Hold HIGH, Data to CP 50 0
(L) Sel-up LOW, F_‘E_ to CP 15 12 = Fig. §
1(H) Set-up HIGH, PE to CP 15 12
thiL) Hold LOW, I-":E:lo CP 5.0 0 a Fig 5
th(H) Hold HIGH, PE to CP 50 0
(L} Set-up LOW, E__”El or @w cP 15 12 - - Vee = 50V
L Set-up HIGH, CET or CEP to CP 15 12
niL) Hold LOW, cﬁ_or CE__FLO cP 15 12 5 Fig. 5
tn(H) Set-up HIGH, CET or CEP 1o CP 15 12
th(H) Sel-up LOW, U!ﬁ_m cP 25 20 s Fig. 6
1h{H) Set-up HIGH, U/D 1o CP 25 20
thiL) Hold LOW, U/D to CP 0 -40
In(H) Hokd HIGH, UG to CP 0 | -40 na Fa. 6
fuCP(L) | Clock Pulse Width LOW 20 18 - Fi. §
1,CP(H) | Clock Puise Width HIGH 10 50
DEFINITION OF TERMS: - ' GRS S

SET-UP TIME (t5) — is defined as the minimum time required for the correct logic level to be present at the logic input prior
to the clock transition from LOW-to-HIGH in order to be recognized and transferred 10 the outputs,

HOLD TIME (1) = is defined as the minimum time following the clock transition from LOW-to-HIGH that the logic level
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct
logic level may be reieased prior to the clock transition from LOW-o-HIGH and still be recognized.

AC WAVEFORMS

CLOCK TO OUTPUT DELAYS, . COUNT ENABLE TRICKLE INPUT
COUNT FREQUENCY, AND CLOCK PULSE WIDTH. TO TERMINAL COUNT OUTPUT DELAYS

e 1 WA K e ]

Ty cr (1Y
c# 13V [ * jz 1av
7 —Fin —

| i "I-“—"—I Ve 1w - iy
QORTC 13v 1av
- Fig. 2
Fig. 1 = .

SET-UP TIME (1) AND HOLD (1,)

CLOCK TO TERMINAL DELAYS FOR PARALLEL DATA INPUTS»

o % \ % v
o 13w ] i 0 - Wiien

e v NN, 77
%, o,—/—\—

Fig.3 Fig. 4
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v
kb e
wmikh = 0 ]

A On E- vy 0

Set-up time (15) and hold time (1)
for count enable (CEP) and (CET),
. paralisl ansbla (PE) inputs,
and up-down (/D) control inputs.

L

M1 - 0 N SESTTRY | I

mm
1av 13v
ikl B

e ]




SPEED/PACKAGE AVAILABILITY BLOCK DIAGRAM PIN CONFIGURATION
54 F.wW 74 B
54LS FW 74LS B B,F,W PACKAGE
748 B
=¥ CLllHE—%—- w|Vee
DESCRIPTION
Information at the D inputs meeting the o N ra 7] © n o 1%] s0
setup time requirements Is transferred to ol 'DE cx cx o
the Q outputs on the positive-going edge of ™
the clock pulse. Clock triggering occurs at a O o[ e Iy O
particular voltage level and is not directly e o . o e Ex
related to the transition time of the positive- | 20 E a a4l se
going pulse. When the clock Input is at ei- o
ther the high or low level, the input signal — so[s] V Vo]
has no effect at the output. P . lﬂE a“. tl.no =
Lt
_ni—_ BNDE e |—13 CLOCK
TRUTH TABLE (Each Flip-Flop)
S \ i INPUTS OUTPUTS
ha - CLEAR CLOCK D Q
el —T L X X L
i H t H H
'4?‘" H 1 L L
PIN(16) = Ve PIN(8) - GND H L X Qg

H = high level (sieady state)

L = low level (steady state)

X = irrelovant

1 = wansition from low 10 high level

Qg=~ the level of Q belore the indicaled steacy-siate inpul
conditions were esiablished

SWITCHING CHARACTERISTICS v - 5V, Ta = 25°C

54/74 54/74L8 54/74S
Cp~15pF Cp-15pF Cy - 15pF
TEST CONDITIONS Ry ~4000 Ry -2k Ry -2800
FROM TO

PARAMETER INPUT | OUTPUT | MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX | UNIT
fClock Clock frequency 25 | 35 30 | 40 75 | 110 MHz
tw Width of puise 20 20 12 ns

Clock

Clear
Setup Input setup time ns

Data 20 20t 8

Clear inactive 25 25t L ,
tHold Input hold time 0 5t 2 ns !
Propagation delay time
tPLH Low-to-high Clock 20 | 30 20 | 30 ] 12 ns !
PHL  High-to-low 21 | 30 21 | 35 n| o |
tPHL High-to-low Clear Q 23 35 23 35 13 22 |
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Q000
0000
Oo02
o004
0Go7
QOOA
Q030
G030

00323
0035
0037
QO3%
OQ3E
CQ30
QO3F
0041
0043
0045
Q047
0049
Q04R
004l

004F
0051
0052
0053
- 0055
0058
0059
005C
005
00%5F
0042

PREpp
VA
W g ot

N ]
o Lo R

JESA
D340
210004
3LFFOR
C33300

c31302

2EQQ
n3zi
3EEF
0320
JE8F
D320
JELT
D320
3EOQ?
n3¢o
3EAQ
D391
JE2F

n3e

IEZ0
77

7C
FEOE
CASCO0
23
C34F 00
71
FEFF
CASH00
CIS800
210004

Q100G

1
= e Er cae
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e |F b

s

NAH7S

I > tax ar wE *

OFF

CHOML

MONITOR CRT FROGRAM
% SEFTEMEER 1980

ORG 0

MV I Ay BaH
ouT ME3

LXI HrO0400H
LXI SFsETACK
JHF INATS
ORG 30H

JHE INTSUM

INITIAL ROUTINE "B275 CRT"

MUI = AsO0H
ouT suc
MUI - > AyOEFH
ouT SUF
MU T A s BFH -
ouT SUF
MUT Ar77H
ouT SUF
MV Ay OFH
ouT SUF
MUT —  As0AOH -
ouT suC
MUI Ay 2FH
ouT SUC
FOWER | UF
CLEAR MEMORY & HONE CURBOR
MVI Ar20H
MOV My A
MOV AsH
CFI OEH
iy CHMHF
INX H
JMF LOFF
MO Al
CFI OFFH
Jz CHOML
JNF CHMLF
LXI Hy G40 0H
LXI Es GOOOH
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Q04E D3F4
Q0&Ln D3FS
Q0&4F CILZBO1
0072 FEOB
0074 CHZ7AG0
0077 C346F00
0074 DR20O
CO7C E7
Q070 F27A00
0080 DEFA4
0082 E&08
0084 CABFOO
0087 304
0087 L3F6
00BR FE
008C C3%400

- Q0BF 3EC&

Q021 D3Fé
0093 FR

00?4 Cn74602
0097 LE20
0099 -E7
0094 FAT400
G0 DE20
00%F FS
COAD DE20
00Aa2 EB7
00a3 F2a000
00AsE F1
Q0A7 FEOF
Q0/% CAT400
COAC FEO3
QOAE CAFEQC
o0R1 FEL17
QORI CTAD401
Q0OR4 FEO4
QORE Cadadl
CORE FELB
QOED Calonl
00CH FEQZ

Y m

0282 Chladl

T er e

"INIT

CRCHK

STIF

HALFD

NFUT

OKEY

INITIAL

ouT
ouT
CalLL
CFI
JZ
JMF
IN
ORA
JF
IN
ANT
JZ
MVI
QuT
EL
JMF
MVI
ouT
£l

MONITOR

- CALL
IN
ORA
JM
IN
FUSH
IN
ORA
JF
FaF
CFI
JZ
CrI
JZ
CFI
JZ
CFI
JZ
Crl
JZ
CrR1

(R

IZE INTERFACE

FREST
FEOUL
INKEY
OEH
STIF
CRCHRK
ME1L

A

STIF ress
FREG2
0O8H
HALFI
Ay 04H - -
FREGS

INFUT
Ay OSH
FREG3

START

FIST
MEAL
=7
INFUT
=l
FSW
MEL
A
OREY
Fou
OFH
INFUT
Q3H
CRT
17H y CURSOR LEFT
CLEF
O4H
CLR
18H
CmOM
Q2 ¥

CROLT

CURS0R RIGHT

E 1

CLEAR MOMERY

HOM

i

-

UrBOR LilOWN

L 4]
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00CS FEO1 CHI OiH 3 CURSOR UF
00C7 CA1CO1 Jz CUF
00CA FEOB CHI 08H i ENTER
00CC CALZGO JzZ EENTT
0OCF C3IE200 JHF SSVE
0002 DEF4 EENTT  IN FREG2
GOTI4 E408 ANI 08H
00L& C2DC00 JNZ PPRF
0ON%? CHGA02 CaLL ENTER
000C ZEOD FEPF MU Ay OLIH
OOLE F5 : PUSH  --PSW
O0DF C3F700 JMF FULL
00E2 F5 SSVE .- FUSH F3W
00E3 DEF4 IN FREG2
00ES E&408 ; ANI 08H
00E7 C2F700 JNZ FULL
O0EA F1i 7 S FOP- . FS5W - E e ] s .
O0ER 77 MOV MsA i DATA KRB TO MM
00EC CI3702 /AL SRRl FSEND 2 -
O0EF D300 ouT MEO
00F1 Cn8301 fn it 120\, BRITE
QCF4 C32400 JMP "INFUT
O0F7 F1  FULLeso PORS, /. PSW ... . . N
.~ 00F8 CI3702 ; = ey FSEND .
_ OOFE C39400 - JMP INFUT -
: ,
3 CALL SUEROUTINE
. y
. OCFE C08301... CRT.. — CALL CRITE
0101 C39400 JMF INFUT
- { ’ -
0104 CIDSA0L CLEF CALL CLEFT
0107 C39400 JMP INFUT S
3 ¥
. 010A CLE401 .. . CLR. ...—. CALL . CLEAR- o o b
0100 C39400 JHF INFUT
e S TS
0110 CO3701 CHOM caLL HOME
0113 C39400 i on ez gMP s - ENPUE
y
0114 CDAFO1 CROLD  CALL ROOWN
0119 C39400 JMF INFUT
y
011C CD3EO1 CUF CALL CURUF
011F C39400 . . JMF  INFUT . -
¥
~0122 CNO402 . ENT caLL ENTER . . . ..

_ 0125 C39400 JMF INFUT



#(

OL28
Q12A
012E
012E
Q130
o131
0134
QL34

0137

- Q13i

G130

013E
0141
0142
0144
0147
0148
0149

- @l4a

QlAE
014C
ol14b
Ql4E
0151
015

0155
013é
0157
0157

LRZO
E7
F22801
OEZ0
R7
FAZEDL
ODEZ0

0100060
210004
€2

114000
78 IEIEEMUERE |
FEQO
CAS101
05 .

70

O

&F >
7

4

67
C35901
210007
7

85

&F

DEOF

G
e

INKEY

LOFKE

HOME

CURLF

UFCR

UFRET

- 132 -

¥ INKREY

§

IN MEL

ORA A

JF INKEY

IN MEL

ORA A

JM LOFKE
~IN e ME1

RET

3

§ HOME

§

LXI EsOOQ0OH
b “He 0400H

RET

¥

§ CURSOR

§

LXI Ly OO40H

MOV ———#f7E

CFI OOH

L7 = - CR

LCR E

May Ayl

SER E

MOV LA

MOV By k

EEE )i

MOV My

JME UFRET

LXI Hy G7COH

Mav Ay C

AL L

MOV Ly

MVI EsQFH

RET

uF
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15

C15A
Q1GE
15T
0140
0lal
olé

0léé
0147
clé8
Ql&E
014C
Q16K
0171
0174
Q174
0178
017k
017E
Q17F

0{"

4
SO L

0LE2

0183
Q184
0184
0189
018aA
018C
O18F
o190
01%1
CL¥4
G195
Q1%7
QL%
Q19D
01%7E
QL9F
Qiad
Q144
QiA7
0149
C1AE

O 1. }"'IE

78
FEOOQ
CAGROL
79
FEOO
CAZEQ1L
on

2K
C38201
79
FECO
CA7401
C346401
0&0F
OE3F
21FF07
C38201
05
OE3F
2F

ey

LY

78
FEOF
CaT401
79
FE3F
Ca®LolL
OC

23
CanEoL
79
FE3F
CAan40il
C38FoL
25

04
OEQC
CAaEDL
CECEDL
o&0F
SEOD
2100067

Ce

CLEFT

ChOCR

CTEST

CEEGIN

CECR

CLRET

CRITE

CRMEXT

CREND

Cr.INR

CRLEF

CREET

e wr e

CPI
Z

MoV
CF1I
JZ
LCR
nex
JHF
Moy
CHI
JZ
JMF
VI
MVI
LAI
JME -
NCR
MY T
nex
RET

ey e

MOV
EF1
JZ

MoV
CFI

-~

INR
INX
S
MOV
CFI

-
e

JMF
INX
TN
MVI
SME
bl
T. lv: 1
iV
XL
RET

CURSOR LEFT

ArE
OCH
CTEST
Gy C

.. OGH

CECR

G

H

CLRET
AyC

QoM .- .
CEEGIN
CICR

By OFH
Cy»3FH
HyO7FFH

- CLRET

B |
Cr»3FH
H

MOVE  CURSOR  RIGHT

AvE
OFH
CREND
ArC
3FH
CRINR
£

H
CRRET
Gy C
3FH
CRLRF
CRNEXT
H

B
CrOOm
CRRET
RGLLUF
By O
Cr00K
He Q7T



ff

O1AF

01R3
Q1RS
O01E8
OLE?
O1lEA

- O1EE

O1EC
O1ED
Q1EE
O1EF
OLCO
Q103
01Cé&
QLC?
01C8
o1C?
OLlCE

01iCE
011

01014
Q105
oLn?
O10&
Q1LE
QLI
QiLl
o1
Q1L0F
CLEQ
GLEZ

1140060

FEOF
CACGO1l
04

70

83

&F

7C

8A

&7

ce
CILCEGL
21C007
79

85

&F
Q&0F
C3EFO1

214004
110C04

CAE301
7E
EE
13

EE

[

il

S G
Lot
L
—

§
N

Ii
R

;
)
v
K

L.

DIOWN

= ."\i.HE_?.a_-_. — i -

ORET
GEIN

DLLUF

OFUF

- 134 -

e

CURBOR  LOWN
LLXI Ly 0QO40H
CFI OFH

JZ ROEBIN
INR E

MOV Avl

AL E

MBV = -LsA ——
MOV fArH

ALC I

Moy Hedr
RET ]

CALL ROLLUF
LXI He OZCOH
MOV AyC

SYEIL L

MOy LeA

MYI Es OFH
R DORET
SCROLL - MODE
LXI HeO440H
LXI Ly G400OH
MoV AyH

crl OFH

JZ LOFRET
MOV fiy
XCHG

MOV My

INX H

THX I

XCHG

JHEF LOPUF

| % i |
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¥

OlE4
Q1E7
OLE®
O1EA
O1ER
Q1lEDL
Q1FO
O1F1
O1F4
Q1FS
O1F7
O1FaA
OLFD
0200
0203

0204
0205
0206
G207
0209
0200
0200
C20E
O20F
0210

Q212

210004
3E20
77

7C
FEOE
CAF 401
23
C3E701
70
FEFF
CAFDO1L
C3F001
210004
010000
ce

7I
¢1
aF
QEQC

COfaFOL -

Co
7I
§1
4F
GESO
co

‘a3 MF ar

CLEAR
LLOF

CHMML

CHMMH

BEGIN

[T} <r as s

NTER

CRRT
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CLEAR MEMORY - .— . —.

LXI
MU I
MOV
MOV
= G
JZ
INX
JidF
MOV
157 531
JE
S
LXI
LXI
RET

ENTER

rMOV
SUE
MOV
MVl
CALL
RET
MOV
SUE
MOV
MUI
RET

Hy O4GGH
Ay 20H
MrA

Ay H

OB s s

CHMH
H

LOF

Byl
OFFH
BEGIN
CMML

Hy 040G0H
EsGOOUGH

Ayl

i

Lsé
CyGOH
RODWN

Ayl
C
Loy

CyOOH
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SR )
O

50 B §
(0% 1 BN T 6 B O I 8

(R

I W O b G

oo 0 0 T e o

4 owr s

E NTSUM

N3850
3ECO
Izl
3EE
n3el
FE41
n3883
ZES0
n351
79
L350
78
N30
Fi1
FE
o . 4 3

R 1

023C C2EQ02
JE04
I3Fé
LEF4
E&40
CAS002
LBF4 - FCTS
17
n24/02
IRF6 -~ - FROUT-
E&04
CASO02
Fi
L3F7
Fa
LEF 4
E&08
C246902

2 Fl

FEODN- -

CASROZ

Ce

F1 RETH
c?

LEFS HREST
17

D2&R02

3ECS

Nn3Fé

c?

/
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INTERRUFT

FUSk
IN
MVI
ouT
Mv1
ouT
MV'I
GuT
MVI
auT
MVI
CuT
MVI
ouT

MOY_

ouT
MoV
ouT
FOF
EI

RET

MUT
ouT
IN
ANT
37
IN
RaL
JNC
N
ANT
Jz
FOF
ouT
FUSH
IN
ANT
JNZ
FOF
CFI
Jz
RET
FOF
RET
IN
RAL
JNC
MUT
ouT
RET

iy 04
S5Ué
v OCH
SuT
iy B4H
SUT
Av4lH
SuUs
Ay 8CH
suUc
Ayl
SUF
As R
sUF
FolW

JNZ
Ay O4H

FREG3
FREG2 -

40H
FFOUT
FREG2

FCTS

FREGL -

04H
PROUT
FSW
FOUTF
FEW
PREGZ
08H
RETN
FEW
OTiH
HREST

E
£

=1

m

ol

b 3}

AREST

e ObH

FREG3

ROUTIHE

FROUT
5 HALF

"INITIAL 82057 LHa"

fCLEAR TO SEND

sFULL

FULL
s HALF

FHGLF

OR HALF

CrHK

RRESET



0

J

V275
0278
0279
027
027
0Z7E
0281

0284
0284
028
028C
028F
0271
03294
0297
02%A
029C
C29F
'oRA2
02AS
0246

0248

OZ2aR
OBFF
0000
0020
0060

L~ 00?1

0020
0080
Q081
0088
O0F &
Q0F4
D0F &
QOF 4
OOF S
QOF3
Q0F7
-00F7
024C

-DEFS -

iF

Lo
LEF7
E&7F
EngE402

C37602

FEGD
C28F02
cnonoz2
C3ARO2
FEOA
C22A02

COAFOL —

C3ARD2
FEO08
C2a502
CnsAaodl
C3AR02
7
n300

.CI8301- .

€2

TN (| | | O O | O Y O 1 A
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1

RECEIVE

RTINS
RING
IN
ANI
CALL
SMF —-

CHAERALTER

FREBE - - -

FINF
7FH
FCHA

T

mieo

CHARACTER InFUT CHECK

CFI
JNZ

N ERkL

FES

FSAVE

FRRT
STACK
MEO
ME1
ME3

SUC - --

SUP
SUA
SUT
sUS
FREG1
FREG2
FREG3
FREST
FEOUD
FEOC
FINF

-~ FOUTF-

JHMF
CFI
JINZ
CALL
JHMF
CrlI
JNZ
CALL
JHMF
MOV
ouT
CAlLlL—.
RET
EQU
EGU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EGU
EQU
EQU
-~ EQY-
END

OLiH

FLF

CRRT — ———
FRRT

OaH

FES

ROOWN-

FRRT

O8H

FSAVE

CLEFT

FRRT

MsA

MEO

ERITE s sa

OEFFH
O0H -
20H
60H
F1H
?0H
80H
g1iH
5EH
OF &6H
OF 4H
OF &M
OF 4H

TAN gl ond

W
OF GH
OF7
OF7H
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