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CRT CONTROLLER (CRTC)

The MCB845 CRT controller performs the interface between an MPLJ
and a raster-scan CRT display. 1t is intended for usa in MPU-based can- IN-CHANNEL, SILICON-GATE]
trollers for CRT terminals in stand-alone or cluster configurations. '

The CRTC i= optimized for the hardware/software balance required
for maximurn flaxibility, Al keyboard funetions, reads, writes, curaor CRT CONTROLLER
mavements, and editing are under processor control. The CRTC pro- (CRTC)
vides video timing and rofresh memary addressing.
® Usaful in Monochrome ar Color CRT Applications
® Applications Include "Glass-Telotype,” Smart, Programmable, ntal-

ligent CRT Terminals; Video Games; Information Displays
® Alpharumerie, Semi-Graphie, and Full-Graphic Capability

® Fully Programmable Via Processor Data Bus, Timing May Be Gen- ey tye L SUFFIX
erated for Almast Any Alphanumeric Scroen Format, e.g., 80x 24, TR CEHAMIE:;C;KAGE
72%64, 132 x 20 oA

® Single +5V Supply

® MGEB00 Compatible Bus Interfage

® TTL. . 5 SUFFIX

L-Compatible !n'puts and IOutputS o g

® Start Address Register Provides Hardware Scroll (by Page or CASE 734
Character)

® Programmable Cursar Register Allows Control of Cursor Format
and Blink Rate

® Light Pen Register P SUFFIX

® Refresh [Screen) Memory May be Multiplexed Batwear the CRTC PLAS;'CS PACKAGE

AZE 711

and the MPU Thus Removing the Requirerments for Line Buffers or
Extarnal DMA Devicas

® Programmable Interlace or Non-Interlace Scan Modes

® 14-Bit Refresh Address Allows Up 10 16K of Refrash Mamary for
Use in Character or Semi-Graphic Displays

PIN ASSIGNMENT

® 5-Rit Row Address Allows Up to 32 Scan-Line Character Blocks GND[]' @ ofjvs
® By Utilizing Both the Refresh Addresses and the Row Addrogses, RESETH 2 39[IHs
a 512K Address Space is Available for Use in Graphics Systems LPSTRO 2 it
® Refresh Addresses are Provided During Retrace, Allowing the CRTC STB] *®HR
to Provide Aow Addresses to Refresh Dynamic RAMs MAD[T 4 7ARAT
#® Pin Compatible with the MCE835 MAT[Q 5 36[IRAZ
Maz([6 EARAL
MA3[] 7 M [IRAG
ORDERING INFORMATION MA4T 8 3300
MAG[]9 2go
Package Type Frequency (MHz) Tamparature Ordar Numbar Mas 10 n o2
Ceramic 1.0 0%*C to 70°C MCEa45|
L Suffix 1.0 —40°C to 85°C | MOasascL Mazhn k] 1 ok
1.5 GoC to 7Q0°C . MCBBAAEL ] MARL 12 220D4
1.5 —40°C to B5*C MCBRAGECL
2.0 0°C 10 70°C | Mcespast MA[3 281105
Cerdip 1.0 0°C to 70°C MCEB45S MaA 1014 bk 1 {o':
5 Suffix 1.0 =d40°C ta BR®C MCBE45CS matiflis 2607
1.5 0°C tm 70%C MCBBA4ES —
15 ~40°C 10 85°C | MCEIA4BLS MA12ge BICS
20 0°C to 70°C MCBaR45S Ma13[1 17 2[Rs
Plastic 1.0 0°C to 70°C MEBBAEP DElls 23[Je
P Suffix 1.0 —409%C 1o 85°C MCBB4BCP
15 0°C 19 70°C | MCBBAGSF CURSQRI9 22[1R/W
1.5 =40°C 1 85°C | MCBRAdECE Veellzo 21[CLK
2.0 0°C to 70°C MCEEBaASP )
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FWGURE 1 . TYPICAL CRT CONTROLLER APPLICATION

Storage Temperature Range

Tet -85t +150( *C

THERMAL CHARACTERISTICS

Charactaristic Symbal Valug Rating
Thermal Resistance
Plastic Package 100 N
Cardip Paekage B.a 50 I
Ceramie Package B0

RECOMMENDED OPERATING CONDITIONS

5 = AR
rocessor
y e y =& DB Prirnary Bus
A /B
4 Secondary Y
Buz
High Speed CLKE > Refrash 3-Stare
Timing CaTc 14, | MUX = o Bufter
A
] Rafresh Cursar,
Memary Display
Addresses Enakle
v
Light tateh
Pan
Circuit
Raw Add L A
aw rasses
ROM ‘ ;
” - Shift Videg ‘
l “5 Characzar Ragister 3 Quipur
y Generator
HS V3
MAXIMUM RATINGS Tha davice comains cifcuitry 10 protect the
Rating Symbol Valus Unit inputs ageinst damage due to high static
Supply Voltage Voo ~0310 +7.01 V vPltzgfﬁat:r alect;ilc fie;lc!sl;J tr:jnmger. “i( is ad-
| ] v ” visel nermal precautions be takan 1o
ol Yo 1age in 03t +70] Vv avoid applicatian of any voltage highar than
Opergégf Ten&%grature Range% Tuto TH makimum rsted voltages to this high-
M 5. MCE3ALE, MCBAR Ta 0t 70 G impedanee cirewit, For proper aperation it ig
MCBBARC, MOBRAJEE =40 1o +85 P P

recormmended that Vi, and Vout be con-
Strained 10 the range Vgg ={Vip or
ng):SVc:c.

Characteristics Symbol | Min | Typ! Max | Unit
Supply Valtage Voo (475 | S0 6a5 | v
Input Law Voltage Vi |-03] -} oe | v
Input High Voltage VIH 20| - | vee [ v

2
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POWER CONSIDERATIONS

The average chip-junction temperature, T J, in °C ¢an be obtained from:
Ti=Ta+{Pped a) {1}
Where:
Ta=Ambient Temperature, °C
9.4 = Package Thermal Resistance, Junctien-to-Ambient, °C/w
PD=PINT+PRORT
PINT=IgC* Vg, Watts = Chip Internal Power

PPORT=For Power Dissipation, Watts — User Determined

For most applications PpoRrT <« PiNT and can be neglected. PRORT may become significant if the device is configured to
drive Darlington bases or sink LED Ioads.

An approximate relationship Betwean Pp and Ty (Gt FRORT /s neglected) is:

Po=K-+{T +273°0) {2)
Solving equations 1 and 2 for K gives:

K=PpeITA+273°C) + 4 40Pp2

{3)

Where K is a constant pertaining 1o the particular part. K can be determinad from eguation 3 by measuring Ppy (at equitibrium)

for a known T 4. Using this value of K the values of Py and T, can be obtained by s0lving equations (1) and (2} iteratively for any
value of Ta.

DC ELECTRICAL CHARACTERISTICS (Vea=5.0 Vde = 5% Vgg=0. Ta=0t

70°C unless otherwise noted, see Figures 2-4)
Characteristic ' Symbol | Min | Typ | Max | Unit
Input High Valtage ViH 20 = |Veo | v
Input Low Voltage Vi |-03] — JTaB [ v
lnput Leakage Current lin — 101 |25 | A
(HiZ State Input Current (Vee=5.25 V) Win=04tc 2.4 V) IT5 -0 | - 10 | ph
Output High Vohage
U ggd= =205 A) ‘ CO-D7 | Vau | 24 |30 | - v
M gag=— 100 zA) Other Outputs 24 (30 —
Outpur Low Valage (I gag=1.6 mA) VoL - 03] 04 |V
Internat Power Dissipation (Meastred at Ta=0C) ‘ PINT — | B0Q | 750 [mw
Input Capecitance DO-D7 c: - - |28 | oF
All Others t - - 10
Output Capasitance All Qutputs | Gy - - 10 | pF

@ MOTOROLA Semiconductor Products Inc.
3



BUS TIMING CHARACTERISTICS (See Notas 1 and 2| (Referamce Figures 2 and 3)

- _ MCoB45 | MCB8AdS | mceands | |
Number Characteristic Symbal | _ _ Unit
Min | Max| Min | Max | Min | Max
1 Cycle Time ‘oyc [ 1.0 [10**[ 0.67] 10 | 05 |[10%=] 45
2 Pulse Width, E Low Pwe, J430] — [oeo| - J20] — [ ns
3 Pulse Width, E Migh PWey J460| — Taao | — (o | - ne
4 Clock Rise and Fall Time tr 1 — 75 _ 75 = ' 20 | ns
8 Address Mold Time (RS) tAH 10 | — | - 0] = |nrs
13 RS Setup Time Before £ tAS 0| =~ = Tal = ns
4 R/W and €5 Satup Time Before E tog W] T - Tal - o
. 15 R/W and TF Hold Time teH 10 = 10 = 10 - ns
18 Read Data Hold Time DHK 20 | BO*| 2 THa* ] = 0% | ns
21 Write Data Hold Time toww | 10 - 10 - 16 - ns
30 Peripharal Qutput Data Delay Time tODR - | 2| - [T80 [ o 150 | ns
e Peripheral Input Data Setup Time Dsw | 1685 | — B0 — a0 - ns

“The data bus output buffers are np longer soureing or sinking current by DHR rmaximum (high impedanca),
**The E elack may be low for extendad periods provided the CLE input is active.

FIGURE 2 — MCE84S BUS TIMING

——iy 15
R/W. T3
I MPU Read Data
Read Data
e 121) 31
MPLU Write Data
Writa Data E - J E——
NOTES: . 21}t
1. Voltage levels shawn are V=04V, V=24V, unless otherwisa specified.

2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specifiad,

FIGURE 3 — BUS TIMING TEST LOAD

50V
Test Point Rl =24kQ C=130 pF for DO-D7
: =30 pF for MAO-MA13, RAG-RA,
. DE, HS, V3, and CURSOR
€ MMOD&150 R=11 k0 for DO-D7
or Eguiv. =24 ki for All Other Qutputs

- —]
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CRTC TIMING CHARACTERISTICS {Reference Figures 4 and &)

5

T @ MOTOROLA Semiconductor Products Inc.

Characteristic Symbal | Min | Mgx I.H
Minimum Clock Pulse Width, Law Pwgp | 1650 | - e
Minimum Clock Pylse Widih, High PuwcH | 150 - ns
Cloek Frequency fe - | 30 [MHz
Rize and Fall Time for Clock imput tery tof | — 20 | ns
Memory Address Delay Tima tMAD - 180 | ns
Raster Address Delay Tirma tRAD = 0 1 e
Display Timing Delay Time IDTD - 250 | ns
Horizonial Sync Delay Time tHED - | 250 | n3
Vertical Sync Delay Tima vap = | 260 | ns
Cursor Display Timing Delay Time tepn 5 760 ng
Light Pen Strabe Minimum Fulss Widih FWi pH | 80 - ns
Light Pen Strobe Disable Time ILPo - 80 | ns
iLpp2 | — 10 | ns
NOTE: The light pen strobe must fai to low level betore VS pulse rises.
FIGURE 4 — CATC TIMING CHART
CLK_\L_
Y V4 _\c
MAG-MA13 _><
\] .
E— UM ALy -l:—tMAD-—H
RAG-RAd _><
\
ME—tRAD TR A O
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N
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1y )= 5D
\
CURSGR
rE——tCOD E—teHD

NOTE: Timing measurements ara referenced 1o and from a low voliage of 0.8 volts and a high voltage of 2.0 voits unless otherwise noted,




FIGURE 5 — CRTEC-CLK, MAD-MA13, AND LPSTE TIMING DIAGRAM

P Ufc i
-‘_'PWCL
CLY P - \
ee— 1 — (]

MAD-MA13 X M

M+3

LPSTR

NOTE: Timing meazyrements are refarenced o and
from a low voltage of 0.8 voits and a high
veliage: of 2.0 volts, unless atherwise noted.

tLPO2

A

PWpH

Mt | ([ | i

When the CRTC detects the rising adge of LFETH i
this periad, the CRTC sets the Refresh Memary Ad-
dress ‘M + 2" inta the LIGHT PEN REGISTER.

tLPD1. tLPO2: Period of uneartainty for the Refresh
Memory Address.

CRTC INTERFACE SYSTEM DESCRIPTION

The CRT controller generates the signals necessary to in-
terface a digital systemn to a raster scan CRT display, In this
type of display, an electron beam starts in the upper left
hand corner, maves quickly across the sereen and returns.
This action is called a horizontal scan. After each horizantal
scan the beam is incrementally moved down in the vertical
direction until it has reached the bottom. At this point one
frame has been displayed, as the bearm has made many
norizontal scans and ona vertical scan,

Two types of raster acanning are used in CRTs, interlace
and non-interlace, shown in Figures 5 and 7. Non-interlaca
scanming consists of one field per frame. The scan lines in
Figure 6 are shown as solid lines and the retrace patierns are
indicated by the dotted lines. Increasing the number of
frames per second will dogrease the flicker. Ordinarily, gither
a 50 or 60 frame per second refresh rate is used to minimize
beatirtg between the CRT and the power line irequency. This
prevents the displayed data from weaving.

FIGURE 6 — RASTER SCAN SYSTEM (NON-INTERLACE)
/-Ac:tive Display

Vertical
Sean
Perind

- Retracs

Vertical

Retrace
Paring

Harizontat Retrace
Perigd

Horizontal Scan
Periad
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Interlace scanning is used in broadeast TV and on data
manitars whare high density or high resolution data must be
displayed. Two fields, or vertical scans are made down tha
s¢reen for each single pictura or frame. The first field (evan
figld) starts in the upper left hand cormer: the sacond Celal]
field) in the upper center. Both fields overlap as shown in
Figure 7. thus interlacing the two fislds into a single frarne.

In order to display the characters on the CRT sereen the
frames must ba continually repeated. The dats 10 be
displayed is stored in the refresh (soreen) memeory by the
MPU controlling the data processing system. The data s
usually written in ASCl code, =0 it cannot be directly
displayed as characters. A character generator BOM is
typically used to convert the ASCI codes into the “dot” pat-
tern for every charactar.

The most comman method of generating characters is to
create @ matrix of dots "'’ dots (columns) wide and "y dots
(rows) high. Each characier is creatad by selactively filling in

FIGURE 7 — RASTER SCAN SYSTEM (INTERLACE)

-—

=
| e
\\ 'i-.&

==——Even Number Field (First)
————— Qdd Number Field (Second)




the dots. As“x"" and “'v" get larger a more detailed chargcter
may be created, Two common dot matrices are Bx 7 and
7% 9. Many variations of these stEndards will allow Chinege,
Japanese, aor Arabic lotters instead of English. Since
characters require some space between them, a character
Dlock larger than the character s typically used, as shown in
Figure 8. The figure alsn shows the corresponding timing
and levels for a video signal that would generate the
characters.

Referring to Figure 1, tha CRT controller ganerates the
refresh addresses IMAG-MAT3), row addrasses {RAD-RA4),
and the video timing (vertical gync = V&, horizontal sync —
HS, end display enabla — DE). Other functions include an
internal Gursqr register which ganeratas & cursor output
when its contents Compara to the current refresh address, A
light pen strobe input signal allows capture of the refresh ad-
dress in an internal light pen register.

All timing in the CRTC is derived trom the CLK input. n
alphanumeric terminals, this signal is the character rate. The
video rate or “dot” clock is externally divided by high-speed
logic (TTL) to generate the CLE input. The high-speed lngie
must afso generate the timing and controf gignals mecessary
for the shift register, fatch, and MUX control.

The processor communicates with the CRTC through an
B-bit data bus by reading or writing into the 19 registers.

The refresh memary addrass is multiplexed between tha
processor and the CRTC. Data appears on a secondary bug
separate from the processor's bus. The secondary data bus
CONCERtin no way praciudes using the refresh RAM for othor
purpeses. Nt looks like any other AAM to the processor. A
number of approaches are possible for solving contentions
far the refresh merngry:

1. Processor always gets priority. {Generaliy, “hash’ oc-
curs a5 MPU and CRTC clocks are not synchronized.)

2. Processor gets priority access anytime, but can be
synchronized by an interrupt to perform accesces only
auring horizantal and vertical retrace times.

3. Synghronize the processor with mamary wait cycles
(s1ates).

4. Bynchronize the processor to the character rate ag
shown in Figura 9. The MBBOD processar farnily works
waorks very well in this cenfiguration as constant cycle
lengths are present. This method provides no
overhead for the processor ag there is never a conten-
tion for a memory acecess. Al agoesges  ara
iransparent.

FIGURE 8 - CHARACTER DISPLAY ON THE SCREEN AND VIDED SIGNAL
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FIGURE 9 — TRANSPARENT REFRESH MEMORY
CONFIGURATION TIMING USING MEB00 FAMILY MPL

T CRTC Accesses
Refrash Memaory

MFPL Accesses
Refresh Memaory

|
r‘.——tcvc = n:‘(tc or tcl‘ m'_———h-‘l
| I

Whera: m, m are integers; 1 is charactar pefiod

PIN DESCRIPTION

PROCESSOR INTERFACE

The GRTC interfaces 1o a Rrocessor bus on the bidiree-
tional data bus (DO-D7) using T3, RS, E, and R/W for con-
trol signals.

Data Bus (DO-D7) — The bidirectional data lines (DO-D7)
allow data transfers between the internal CRTC register file
and the processor. Data bus Gutput drivers are in the high-
impedance state until the processcr performs a CRTC rasd
operation.

Enable (E) — Tho enahle signal is a high-impedance
TTL/MOS compatibile input which enables the data bus in-
put/autput buffers and clocks data 1o and from the CRTG,
This signal is usually derived from the processor clock. The
high-to-low transition is the active edge.

Chip Select {CS) — The TF lina js & high-impedance
TTL/MOS compatible input which selaats the CRTC, when
low, 10 read or write o the intermnal register fila. This signal
should only be active when there is a vatid stable address be-
ing decoded from the processor,

Register Select (RS) — The RS line is a high-impedance
TTL/MOS gompatible input which selects either tha address
register (RS =0} or ane of the data register (RS=1} or the
internal register file.

Read/Writa (R/W) — The R/W line is a high-irmpedance
TTL/MOS compatible input which determines whether the
internal register file gets written or read. A write iz defined as
2 low lavel,

CRT CONTROL

The CRTC provides harizontal sync (M%), vertical aync
V8), and display enable (DE) signals.

NOTE
Care should be exarcised when interfacing to CRT
monitars, as many monitors claiming to be “TTL com-
patible” have transistor input circuits which requlire
the CRTC or TTL devises buffering signals from the
CRTGC/videt circuits to exceed the maximum-rated
drive currents,

@ MOTOROLA Semiconductor Products Inc.

8

Vertical Sync (VS) and Herizontal Syne (HS) — These
TTL-compatible outputs are active high signals which drive
the manitor diractly or are fed to the video processing cir-
CUitry to generate a cormposite video signal. The V8 signal
determines the vertical position of the displayed text while
the HS =ignal determines the horizontal position of the
displayed text.

Digplay Enable (DE) — This TTL-compatible output is an
active high signal which indicates the CRTC is providing ad-
dressing iny the active display area.

REFRESH MEMORY/CHARACTER GENERATOR
ADDRESSING

The CRTC provides memory addrosses (MAD-MA13) 1o
scan the refrash RAM. Row addresses (RAO-RA4) arg also
provided for use with character generatar ROMs, In a
graphics system, both the memoery addresses and the row
addresses would be used to scan the refresh BAM. Both the
memory addresses and the row addressas continyue to run
during vertical retrace thus allowing the CRTC 1o provide the
refresh addrezses required to refresh dynamic RAMs.

Refresh Memory Addresses {MAO-MA13} — These 14 out-
puts are used to refresh the CRT scraen with pages of data
located within & 16K, block of refresh memory. These outputs
are capable of driving one standard TTL load and 30 pE.

Row Addresses (RAQ-RA4) — Thasa five outputs from the
internal row address counter ara used tm addrass the
character generator ROM. These qutputs are capabla of driv-
ing one standard TTL load and 30 pF.

OTHER PINS

Cursor — This TTL-compatible output indicates a valid
cursar address 10 axternal video pracessing logic, It is an ac-
tive high signal.

Clock (CLK} ~ The CLK is a TTL/MOS-compatible input
used to synchronize all CRT functions excapt for the pro-
cassor intarface. An external dat counter is used to derive
this signal which is usually the character rate in an
alphanumeric CRT. The active transition is high-to-low.

S



Light Pen Strobe (LPSTR) — A low-10-high transition gn
this high-impedance TTL/MOS-carmpatible input latches the
current Refresh Address in the light pen register, The lateh-
ing of the refresh address ig intarnally synchronized to the
character clock (CLk)

VCC and Vgg — These inputs supply +6 Vde +£5% tq
the CRTC,

RESET — Thg RESET input is used to reset tha CRTC, A
low level on the BESET input forces the CRTC into the
following siate:

&) Al counters in the CRTC are cieared ang the device

stops the display operation,

(bl All the outpuis are driven I

NQOTE
The horizontal symec DUtAUt is not defined untjl after
R2 is programmed.

fe) The control registers of the CATC are rot effected and
remain unchanged, ;
Functionality of RESET differs from that of athar Mé&s0g
parts in the following functisns:

(8! The RESET input and the LPSTR input are encoded asg
shown in Tabie 1,

TABLE 1 — CRTC QOPERATING MODE

RES LPSTE Operating Moda
0 0 Raset
0 1 Test Made
1 8] Normal Mode
1 1 Narmal Made

The test mode configuras the memaory ad-
dresses a5 two independent 7-bit counters 1o
rminimize test time.

{b) After RESET has gone low and {LPSTB=0), MAQ-
MA12 and RAO-RA4 will be driver low on the falling
edga of CLK, RESET must remain low for at least one
cycle of the character clock (CLK),

e} The CRTC resurnes the display operation immediataly
after the release of RESET. DF and the CURSOR are
nat active until after the first frama has been displayed.

CRTC DESCRIPTION

The CRTC consists of programmable horizontal and ver-
tical timing generators, programmable  linear address
register, programrmable cursor logic, light pen capture
register, and control circuitry for interface to a processor
bus. A block diagram of the CATC is shown in Figure 10,

All CRTC timing is derived from the CLE, usually the out-
put of an external dot rate asunter. Coincidence (€O} cir-
cuits gontinuously eompare counter contents ta the con-
tents of the programmable register file, RO-R17. For heorizon-
tal timing gemeration, comparizons reswlt in: 1) harizontal
Sync puise (HS} of 2 frequency, position, ang width deter-
mined by the registers: 2) horizontal disptay signal of a fre
Quercy, position, and duration detarmined by the registars,

The horizontal counter produces H clock which drives the
scan line counter and vertical contral. Tha contents of the
raster counter are continuously compared to the maximurm
scan fina address register. A coincidenge resats the raster
counter and clocks the verticat countar,

Comparisons of vertical cournter contents and wvertical
registers result in: 1} vertical svne pulee (VS) of 2 frequency
and position determined by the ragisters; 2} vartical digplay
of & frequency and pasition determined by the registers,

The vertical controt logic has other functions.

1. Generate row selects, RAO-RA4, from the raster count
for the corresponding  interlace or  nom-interlace
modes,

2. Extend the number of scan linas in the vertical total by
the amount programmed in the vertical total adjust
register.

The linear address ganerator is driven by the CLK and
locates the relative positions of characters in memary with
thair positions om the screen. Fourteen lines, MAD-MA13,
are available for addressing wp to four pages of 4K
Characters, eight pages of 2K characters, etc. Using the start
address register, hardware serolling through 16K characters
s possible. The linear address generator repeats the same se-
quence of addresses for sach sean line of a character row.

The cursor logie determinas the cursor logation, size, and
blink rate on the screen. Al are programmable.

The light pen strobe going high causes the current con-
1ents of the address counter to be latched in tha light pen

@ MOTOROLA Semiconducior Producis Inc.
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ragister. The comtente of the light pen register are subse-
Quently read by the processor.

Imternal CRTE registers are programmed by the processor
through the data bus, DO-D7, and the contral signals —
R/W, C5, RS, and E.

REGISTER FILE DESCRIPTIONS

The nineteen registers of the CRTC may be accossed
through the data bus. Only two memary lecations are re-
quired as one Iocation is used as 3 pointer to address ane of
the remaining eighteen registers. These aighteen registers
tontrel horizontal timing, vertical timing, interlace operatign,
row address aperation, and define the cursar, gursor ag-
dress, start address, and light pen register, The register ad-
dresses and sizes are shown in Table 2.

ADDRESS REGISTER

The addrass register is a 5-bit write-only register used as
an “indirect"or "pointer” register. It containg the address of
one of the other eighteen registers, When both RS and Cs
are low, the address registar is selected. When C& is low and
RS is high, the register pointed 10 by the address registar is
selected.

TIMING REGISTERS RO-RS

Figure 11 shows the visibile dizplay area of a typical CRT
moniter giving the point of reference for horizontal registers
85 the lefe-most displayed charaster position, Horizontal
registers are programimed in character clock time units with
respect to the reference as shown in Figure 12. The point of
refaranes for the vertical registers is the top character posi-
tion displayed. Vertical registers are programmed in scan line
times with respect to the reference as shown in Figure 13,

Horizental Total Register (RO) - This 8-bit write-only
register determines the horizantal syne (HE) frequency by
defining the HS period in ¢haracter times. Itis the total of the
displayed characters plus the non-displayed character times
{retracel minus ona.




FIGURE 10 — CRTC BLOCK DIAGRAM

!
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TABLE 2 — CRTC INTERNAJ. REGIETER ASSIGNMENT

G5 |rsf— A"gmzﬂﬂﬂf‘“’ 5 Heﬂf“" Register File PrORM | Read | write T3 5””":‘" q B'tz g
1 X x| X x| ¥ ]|x X - - - -
00 x| x| x[x]x AR jAddress Register - Ne Yas
ol1faololola]o RO |Horizantai Tata Char, Ne Yesg
Ofrrofalolaels R |Horizontal Displayed Char, Ne Yes
OltryolololY o B2 [H. Sync Position Char, Nea Vs
Clrlofofo] 1 A3 |3ync Width - N Yeag H|H|H[H
gliiolol1]ala R4 [Vertical Total Char. Row Na Yes
Clrfoloi 1o RS |V. Tomwl Adjust Scan Line MNa Yas
oyl ejol1l1]og RE  |verical Displayad Char. Row Ne Yes
cjtrrojol 117 R7 V. Sync Position Char. Raow No Yes
DjJ1jaoj1]olole A8 |interlace Made and Skew Note 1 Na Yes | I
Olrolr|oleg]q RY  |Max Scan Line Addrass Scan Line Ng Yes
Gl11o11]al1Ta R10  [Cursor Star Scan Line No Yes B | P (Ngte 2
Clriol 1ol 1 A11  ICursor End Jcan Line No Yes
Ofjrfoi 1100 R12  |Start Address (M) = No Yes 0|0
Syt oef1 1o R13  |Stan Address (L) = No Yeos
8] 1 0 1 1 1 0 A4 |Cursor (H) - Yes Yes D10
Cl1(1o]1 T 1 1 R1E  [Cursor (L) — hi:: Yes
0 1 1 clololao R16 |Light Pan (H) - Yes Ne 01q
0 1 1 Gl 0fo 1 Ri17  [Light Pen (L) == Yes Ne
NOTES:!
1. The interlace is shown in Table 3.
2. Bit B of the cursor start raster register is used for blink pariod control, and bit § is used 1o gselect blink or mo-blink.
FIGURE 17 — ILLUSTRATION OF THE CRYT SCREEN FORMAT
I Number of Harizental Tatal Char, (Nht+ 1)
i Number af Horizontzl Displayed Ghar, (th]——u—-l
{:A:_ B=XC }LInE(NSL}

Total Sean Lina Adjust [Nadj)—

Mumber of Werticat Total Char. {Nvk+ 1}

tumber of Vartical Displayed Char. [MNid)

Maximum Scan Lines dMN¢+ 1]

Display Periad

Vertical Retrace Period

NOTE 1. Timing values are described in Table §,

@ MOTOROLA Semiconducior Products Inc.
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Horizontal Dispiayed Register (R1) — Thig 8-bit write-only
redister determines the number of displayed characters per
line. Any 8-bit number may be programred as long as the
contents of RO are greater than the contents of R

Horizontal Sync Position Register (R2) — This 8-bit write-
only register controls the HS position. The Rarizontal SyNG
position defines the horizontal sync delay [front porch} and
the horizontal scan delay (back porch). When the program-
med valua of this register is increased, the display on the
CRT screen is shifted to the left. When the programmed
value is decreased the display is shifted to the right, Any
8-bit number may be programmed ag ong as the sum of the
contents of AZ and R3 are less than the contents of RO, R?
must ba greater than R,

Sync Width Register (R3) — This 8-bit write-only register
determines the width of the horizantal syne (HE) pulse. The
vertical syng pulse width is fixed &t 16 scan-line times.

The HS pulse width may be programmead frem 1-to-15
character clock periods thus allowing compatibility with the
M3 pulse width spacifications of many different monitors.
zero i written into this register then no HS is provided.

Horizontal Timing Summary (Figure 12) — The difference
between RQ and R1 is the horizontal blanking interval. This
interval in the harizontal scan perisd allows the beam to
return (retrace) to the left side of the sereen. The retrace time
is determined by the manitar's horizontal sean Components.
Retrace time is less than the horizontal blanking interval. A
good rule of thumb is to make the horizonral blanking about
20% of the total horizantal scanning period for & CRT, In in-
expansive TV receivers, the heam overscans the display
SCreen 50 that aging of parts does not result in underscan-
ning. Because of this, the retrace time should be abaut one
third the horizontal seanning period. The horizontal syng
delay, HS pulse width, and harizontal soan delay are typically
programrmed with a 1:2:2 ratio.

Vertical Total Register (R4} and Vertical Total Adjust
Register (RS} — The fraquency of VS is datermined by bath
F4 and RE. The calculated number of charactar raw times is
usually an jinteger plus a fraction 1o get exactly a 50 or 80 Mz
vertical refresh rate, The integer mumber of character row
times minus one is programmed in the 7-bit write-onfy ver-
tical total register (R41, The fragtion of character line tirmes is
programmed in the S-bit write-only vertical total adjust
register (R5) as the number of scan lines requirad,

Vertical Displayed Registar (R8) — Thiz 7-bit write-only
register specifies the number of displayed character rows on
the CRT screen, and is programimed in character row tirmes.
Any number smaller than the ¢ontents of R4 may be pro-
grammed jnto RE.

Vertical Syne Pogition {R7) — This 7-bit write-only register
contrals the position of vertical sync with respect to the
reference. It is programrned in character row times. When
the programmed value of this register is increased, the
display position of the CRT screen is shifted up. When the
programmed value is decreased the display position is
shifted down. Any number equal to or less than the vertical
total (R4) and greater than or equal to the vertical displayed
{RE) may be uzsed.

@ MOTOROLA Semiconductor Products Inc.
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Interlace Mode and Skew Register (R8) — The MCES45
onty aligws cantrol of the interlace modes ag programemed by
the low order two bits of this write-snly ragister, Table 3
shows the intarlace modes available to tha usar These
modes are salectad uging the two low order bits of this 6-bit
writg-only ragister,

TABLE 3 — INTERLACE MODE REGISTER

Bit 1 Bit 0 Mode
? g Narmal Syme Mode {Non-Interlace)
0 1 Intarlace Sync Mede
1 1 Interlace Sync and Video Made J

in the normal sync mode {nen-interlage) anly gne fiald is
available as shown in Figures 6 and 14a. Each scan line is
refreshed at the VS frequency (e.g., 50 or 80 Hz).

Twa interlace modes are available as shown in Figures 7,
1db, and 14e. The frame time iz divided between even ang
odd alternating fields. The horizontal and vertical timing rela-
tionship (V5 delayed by ona half sean line time) results in the
displacement of scan lines in the odd figld with respegt 1o the
aven field.

(n the intarlace sync mode the same infarmation is painted
in both fields as shown in Figure 14b. This is a usaful mode
for filling in a eharacter to enkanca readability.

in the interlace sync and video mode, shown in Figure 14c,
alternating lines of the character are displayed in the avan
fieid and the odd field. This effectively doubles the given
bandwidth of the CRT monitar.

Cara rmust be taken when using either interlace mode o
avaid an apparent flicker affect, This flicker effect is due ta
the doubling of the refresh timea for all scan lines since each
field is displayad alternately and may be minimized witk pro-
per monitor design {e.qg., longer persistence phosphorsi,

In addition, there are restrictions on tha pregramming of
the CRTC registers for interlace gperation;

. The horizontal total register value, RO, must be odd
li.e.. an even number of character timas).

2. For intarlace sync and video mode only, the maximum
scan-line address, R9, must be add (i.e., an sven
number of scan |ines),

3. For interlace syne and vides mode only, the number
{Nvd) programmed into the vertical display register (RB)
must be ona half the actual number required. The even
nurnberad scan lines are displaved in the even field and
the odd numbered scan lines are displayed in the odd
field.

4. For interlage sync and video mode only, the cursor start
register (R10) and curser end register (R17) must both
be even or both odd depending on which field the cur-
sor is 10 be displayed in. A full block cursor will be
displaved in both the even and the odd field when the
cursor end register (R11) is programmed to a valuae
greatar than tha valite in the maximum scan line address
register {R9).
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FIGURE 14 — INTERLACE CONTROL

Sean Line Address

Scan Line Address

Scan Ling Address

0 0 0
= A s T ——0 e — - — 9 -
1 o = 1 o L 2 = L
h o R8T g S ——— &
Z = o— 2 = 4
- & —— — & - -
e =) 3I— = 6—0 =
) — 9 — —— H—3 —0 —— — 8
——-0—6-0— 4W 0
. & R O0 S Q- f o = ]
— B ——r-ﬁ-_-—-s R
E—) = 8 —B F
L Tt L o
5 o g ——g- - ——— =
e T8 b4 i
_— —_—— —7 _— — e —_ —7
Even Qdd Even Ddy
Field Figld Field Figld

{a} Normal Syne

Maximum Sean Line Address Register (R9} — This 5-bit
write-anly register determinas the number of sean lines per
character row including the spacing; thus, contralling opera-
tion of the row address counter. The programmed valug is a
maximum address and is one less than tha rumber of scan
lines.

CURSOR CONTROL

Curser Start Register (R10) and Curser End Reigster
(R1) — These registers allow a cursor of up to 32 scan lines
in height to be placed on any scan ling of the character block
as shown in Figure 15. R10 js a 7-hit write-only register used
to defing the start scan line and the curgor blink rats. Bits 5
and 6 of the cursor start address register control the cursar
operation as shown in Tahle 4. Ner-display, display, and two
blink modes (16 tirmes or 32 times the fiald period) are
available. R11 is a 5-bit write-only register which defines the
last scan line of the cursor, :

TABLE4 - CURSOR START REGISTER

Bit € Bit 5 Cursor Display Mode
#] v} MNon-Blink
0 1 Cursor Non-Display
1 Q0 |Blink, 1/16 Figld Rate
1 1 8link, 1/32 Field Rata

Example of cursor display rmode

Whan an external blink feature on characters s required, it
May be mecessary to perform curser blink axternally so that
both blink rates are synchronized, Note that an invert/ non-

(b} Interlace Syne

@ MOTOROLA Semiconductor Products Inc.

(e} Interlace Syne and Video

invert cursor iz easily implemented 8y programming the
CRTC for a blinking cursgr and extarnally inverting tha viden
signal with an exclusive-OR gata.

Cursor Registar (R14-H, R15-L) — This 14-hit read/write
register pair is programmed to pesition tha cursor anywhere
ir the rafresh RAM area; thuys, allowing hardware paging and
scrolling through memory without loss of the original cursor
position. It consists of an 8-bit fow order (MAC-MAT) register
snd a B-bit high arder (MAB-MA13) register.

OTHER REGISTERS

Start Address Register (R12-H, R13-L} — Thig 14-hit
write-orily register pair controls the first agdress output by
the CRTC after vertical blanking. It consists of an 8-kit low
order (MAQ-MA7) register and a &-bit high order (MAB-
MA3) register. The start address register determines which
portion of the rafresh RAM is displayved on the CBT soreen.
Hardware scrolling by character or page may be accom-
plished by modifying the comtents of this register.

Light Pen Register (R16-H, R17-1) — This 14-bit read=only
regisier pair captures the refresh address output by the
CRTC on the positive edge of a puise input to the LPSTA
pin. It consiste of an &-bit fow order [MAO-MA7) register and
a 6-bit high order IMAB-MA13) register. Since the light pen
pulse is asynchronous with respect to refresh address timing
an internal synchronizer is designed into the CRTC. Due to
dalays (Figure &) in this gircuit, the value of R16 and R17 wiil
nead 10 be corrected in software, Figure 16 shows an intar-
rupt driven approach although a palliing routine could be
used.




FIGURE 18 — CLIRSOR CONTROL

I |

Cursar Start Adr.=9
Cursor End Adr.=%

l
! on 1 on [ on |
—-—;.--1| Blink Peripd =
| | 16 or 32 Timas
Field Parigd
a 0
1 1
) 2
3 3
4 4
8 8
5 &
7 7
g a_ g = -\:-\
10 10—€p§ 5(
11 11 i 1 1

Cursor Start Adr.=9
Cursor End Adr.=10

L

ry

— G000 N G0 B R L
i
Fa
b
F,

e

Cursar Start Adr.m 1
Cursor End Adr, =5

FIGURE 16 — INTERFACING OF LIGHT PEN

MPL CRTC
1 DB 4
. LPSTS
IRQ
Light Pan
Contral

L)

0 o

QPERATION OF THE CRTC

TIMING CHART OF THE CRT INTERFACE SIGNALS

Timing charts of CRT interface signats are illustrated in
this section. When values listed in Table 5 are programmed
into CRTC control registers, the device provides the outputs
as shown in the timing diagrams (Figuras 12, 13, 17, and 18},
The serean format is Shown in Figure 11 which illustrates the
ralation between rafresh memory address (MAO-MA13),
raster address (RAQ-RA4), and the position on the screer. In
this example, the start address is assumed to be zoro,

16

Light Pen

TABLE § — VALUES PROGRAMMED INTO CRTC REGISTERS

Reg. # Regigter Narme Value Pm%r:l'::' &d
RG  |H. Tortal Mpt+1 MNht
R1 |H, Displayad MNha Nhd
B2 |H, Sync Posttian MNhsp Nhsp
R3  [H. Sync Width Nhaw Nz
R4 |V. Total Nyt +1 Myt
RS |V. Scan Line Adjust Nadi Mag;
R8 |V, Displayed Nud Nyg
R7 | V. Sync Paosition Nysp Nysp
A8 |lInterlage Mode
RS [Max. Scan Line Address Magi Mg

@ MOTOROIL A Semiconductor Products Inc.
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DETERMINING REGISTER CONTENTS
Some of the register contents are determined rather 2asily.

They are:

Register Name
RE Interlace Mede Register
R1Q Cursor Start
R11 Curser End
R12 Ztart Address [H)
R13 Start Addrass (L)
Bi14 Cursar (H)

R15 Cursor (L)
R16 Light Pen (k]
R17 Light Pen (L)

Register Funetion

RO Herizontal Teral

R1  Horizontal Displayad

B2 Horizontal Syne Positian

R3  Horizental Sync Width

R4 Veortical Total

RS Vertical Total Adjust

R& VIEI"tical Displayed

R7  Vartical Syng Position

R8  Intarlace Made

R2  Maximum Scan Line Addross

R1Q  Cursor Start

R1?  Cursor End

A12 Start Address (H)

R13  Start Addresa (L)

R14  Cursor (H)

R15  Cursor (L)

R16 Light Pen (M)

R17  Light Pen (L)

The remaining register contents must be determined from
some basic data related to the CRT monitor and from the

wser-desired display format. The GRTC reference sheat (see
Figure 18) gives a set of formulas for calculating the register

Contants
See Table 3
See Figure 15 and
Tabie 4
See Figura 16
User pragrams first
mamery location
to be dizplayed
LIser programs destred
eursgr location
Can be loaded via
light-pan strobe

anly
FIGURE 19 — CRTC REFERENCE SHEET
Intarmediate Caleulations
Symbol Description Calgulation
f* Dat frequency Bs={B7+ Byl
(1at approx.) i{1/81)—B3
1z Character Tirma 1
[{RO} + 1]#8B1
f Dot frequanay B7+ Bg
=
tsl Zcan line time [{RO) + T]#1y
n Total § of 1
sean lines Baety
N Integer n =N+ R
Bg+B Ba+B
and 8 10 g 10
R Integer ramainder
tar Character {Bg+ Bipletg
row tima
Thr Horizontal = [(RO)+1=Bgi*{87+ Bg)
ratrace time f
tyr Vertical = Bl - Bg(Bg+ Bipiwty

retrace time B2

19

Registar

RO

R1

R2

R3

R4

RE

Ra

R7

Ra

MOTOROLA Semiconductor Products Inc.

contents as well as other useful characteristios of the
display, This type of data is summarized under basic
parameters in Figures 20 and 21; most or all of this data must
be supplied by the user before he cam determine the contents
ior registers RO-R7 and R9. All variables B1-B1g are equal to
basic parameters 1 through 10,

Register Calculations

Caleulation

£

Bye{B7+ Bg)_1

Bg

(R + (R

2

(A —{R1)
3

Bg

[(R4)+1]1= 16—1{RB) =(R7i={R&)
Bg+ Byp

{Bg+B1pi—1




In Figures 20 and 21, warksheet example calculations are
shawn for 32x 16 and 80 x 24 display formats respectively.
The following iterms are keyed to the figures. Basic para-
meters through have been provided; items
through (4) are data ebout the CRT monitor and items
through @ are data about the user's desired display.

(D Caleulate the approximats dot fraquency, The user
should verify that the bandwidth of his CRT
monitor will accomodata this fraguancy.

Calculate RO. The resultant answer will usually be
an integer plus a fraction, Assume the naxt high
integar,

Fill in value for R1.

Calculate R3. Use the next highest intager. In these
examples the syme width was chosen to be one
third of the horizontal blanking imterval,

Calcutate B2, Again, use the naxt highest integer,
Calculate tz, character tie, This is tha time required
tor one scan line of one character block to be
written,

Calculate the exact dot frequency.

Calculate tg), scan line time. This is the time re-
quired for one scan line of ane character row to be
written inciuding retrace time.

@0 @@ 6B ©

Caleulate n. This is the total number of scan lines
for each frame. Discard any fraction,

Caleulate N and R.

Caleulate R4.
Filt in RE.
Fill in R&.

e ®

Caleulste RY. If there is no possible value for R7,
then the display demands for the CRT monitor ex-
ceed its capability. A cornpromise adjustment must
be made in basic parameier G, 8, or 10.

Calculate R9.

Calculate to,, This the time reguired for one char-
acter row 10 be written.

Calculate k. -thp> Ba.

Calculate tyr. tyr=>Ba.

B &

in Figure 20, calculation verifies that the vertical periad is
16.867 milliseconds or 80 hertz, The expression used is:

top = [(R4) + 1]+ [1g ¢ (RB)]=Vp.

Anather check is caleulation of horizontal syng pulze width
R3. le=Pwpyg (typically approximately equals 4
microsaconds).

For convenignce, a blank worksheet is provided in Figure
22,

FIGURE 20 — CARTC WORKSHEET EXAMPLE CALCULATION (32 x 16)

Basic Parameters (B1-B10)

Intermediate Calculations

Ragistar Caloulations

Symbagl Value  Register Decimal  Hex
1. Horzontal frequency = 15750 + 500 @ iz 32 x (543 = 427x108 @Ho 4.97 %108 a8 o8
- T _11x10-6 15,780 = (5+2)
fL¥iz] -1=
3. Vertieal fraquengy - & te i _ 163x10-6 @R Bg=32 o) 20
= 15750
R2 32+3 33 21
3. Minimum Horizontal = 11x10=8 (7) f 542 =_4.29x 108 _ 2
retrace time 163x10-6
R3 38-32 = 2 2
4. Minimum vertical = 19-3 1) Ax1.68%10—6 —BaBx10—6 4
retrace time
@ Rd 17=1m= 16 10
5. # of displaved =__ a2 (@ n 1 = 262
characters per row 60x63.6% 10~ 6 (@Des =t _Z__ 7 .
6. # of displayad =___15 N 17 (3re  Bg=16 16 10
charactor rows
R7 ® 16 10
7. # of dnts in character - 5 A izl = 7
dot matrix row 7+8 RS
8. # of scan lines in char- = 7 Tcr (7+8)x636%170—6 = 864 x10—8 @HQ 7+B-1= 14 0E
actor * matrix column
R10
9. Mumber of dots between = 2 @ thr 38+ 1-232)*{5+2) =11.42x10—8
horizontal adjacents 42810 R1Y e
10. Number of scan lines = 8 (13) tur (15750 —16(7+ 811 x63.6x 10-6 =1.831x70-3  F12 —_—
betweaear vertical 60
) R13
adjacenis —  —
@ 16+1- B=L =(r712 18 954 10~ 6 17=16.218% 10~ 3 A4
7+8 -5 3
17— B=(R7 =16 + 63.6% 10" Bx7= 445% 10 _1
: 16.563 M3 f R15 o
f=60 Hz

20
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Basic Faramerers (B1-B10)

1. Horizontal frequency

2. Vertizal frequency

3. Minimurm Harizontal
retrace time

4. Minimurr vertical
retrace timeg

B. # of displayad
charactars per row

8. # of displaved
charactor rews

7. # of dots in character
4ot matrix row

B. ¥ of sgan lines in char-

actor ® rmatrix calumn

8. Number of dots between

horizontatl adjacerts

10. Number &f tcan lines
between vertical
adjacents

(&) @7+ 1-08=2) n——

1

B.72=R7=24

FIGURE 21 — CRTC WORKSHEET EXAMPLE CALCULATION (B0 x 24)

Symbol Valus  Registar Decirmal  Hex
1860 (1)t  BtT+2) 16%636 % 108 (Z)RO 16.836%105-1_100 o4
- -8
TEE 11%10 (18,6001}
R1 BS=80 80 50
—80 @k SO 532.31x10-9
{160+ 1)= 18600 (5) Rz 80+7 84 54
= =
11x10-6 (7) ¢ 7+2 16,907 % 108
532,31 % 10-8 R3  RO=AI 7 97
3
121073 B (100+1K532.31x10~9  53.78x 108
(i) Ra A8-1 27 18
g ®n 1 __ 310 (D5 R=2 02 02
1B01(53.76 % 10 6) ®
RE  BE=24 24 18
— N 28
CLy (&) 25 19
7 R 310 .2 R8 0 g
1
AR 9+21-1 _1i0 94
3 tor G+20E376% 108 gw1.39% 106
— R1D 0o 0
7 @ thr = (101-B80N7+2) 11.17%10-6 Ri1 1 08
16.907 % 10
R12 00
—2 (9t 5[“%—24(11ﬂ53.75x10~5 AR08
R13 128 80
B = 1/lltgr)Ra 1) & (tg)(RE}] R4 v + B
= 1/[{591,38 = 106)(28) + (53.76 x 10— 6)(2)] R15 80

Intermediate Cailculations

= 1/16.667x 10—3

a B0

A

Register Calculations
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PACKAGE DIMENSIONS

L SUFFIX
CERAMIC PACKAGE
CAGE 71508
= T NQTES: MILLIMETERS [ INCHES
"T 1. DMMENSICN [A] 15 DATUM. oim [ WIN JMEX | MIN | MAX |
B 1. POSITIONAL TOLERANGE FOR LEADS: B 55137 | 1080 2030 |
-_L B a3 1548 | 0376 OBID
4 [Elozwe _E 17337 To1il gu":?
——— s [A] e R 1 [T 18 SEATING FLANE. ¥ e
walf 4, GIMENSION "L" T CENTER OF LEADS G
WHEN FORMED PARALLEL. ]
v *‘J 5. DIMENSIOMING AND TOLERANCING LK,
; i PER ANSI YT4.5, 1873 II\-‘I
_“..D ! -4 M_‘ Lol __N_
5 SUFFIX
CERDIP PACKAGE
CASE 734-04
TMILLIMETERE | _ INCHES
Qi) MiN MAX MIN mMax
NOTES: =
: A | 5141 43.24 [ 2020 | 2098
1. O A 15 0ATUM. :
B 2, FQSITIONAL THLERANCE FOA LEADS: g 'q’--[:; '55;45 ‘. g';%g gg;g
[ gt Gl T e 738 | 055 006 1002
3. T 15 SEATING PLANE, EETERL RIS
1 n) 4.01MLTHEENTER OF LEADS WHEN B - LI
TR Y Y Y Y ¥ Y TR WY Y FDAMED PARALLEL, |0y 2s3mec o 0100880
A y y 5. DIMENSIONS A AND 8 INCLURE J_| 020 §.40 | a0da [ p.on
: MENISELS. K | 218 | 486 | 0175 [ 0.1R0 |
! ¢ 5, DIMENEIONING AND TOLERANCING L B5C | 0GO08SC |
r ™ FER ANEI Y14.5, 1974 o g0 IR0 B0 15
! - _[ (%% osi'! 27 | oozn | pusd

HHP 1 J
L TR

P SUFFIX
PLASTIC FACKAGE ‘
CASE 711-03
5 Ao ALmANL 00035, MILLIMETERS|  INCHES
NOTES: oM _MM_M&X MIN | MAX
H 1. FOSITIONAL TOLERANLE OF LEADS (1) | A [ S1E91 52451 2035 2.065 |
SHALL BE WITHIN 0.26 mm i0.010} AT B {3.72,] 14,77 [ 0.540 | 1,560
MAXIMUM MATERIAL CaNOITION. IN c .9d [ AOR_| 0.16b [ 0.200
2 AELATION TQ SEATING PLANE ARD 1] %R | 06 | 0814 | OpZ7
a —t EACH DTHER. F 7| 167 0040 D.OBU
[ c 2. MIMENSION L TO EENTER OF LEADS | 75485 | U.00BSC
=1 I WHEN FORMED PARALLEL TiE | 210 [ 0/66 [ DOES |
iyl IK| 3, DIMENSION 8 DORS NQT INCLUDE R T D I
ﬁ B \ i MOLD FLASH. 283 | 349 [ L6 ] 0,135
L 15,24 BEC 0.600 BEC,
—l“L‘— "'ll.'-}'r —H—F -'LD N-JLM I

AT

[
e (51 [ 1oz [0:020 [ 040
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SEMICONDUCTORS Addendum

3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721

ADDENDUM
TO
MC6845 CRT CONTROLLER (CRTC)
Advance Information Data Sheet
(DS-9838-R1)

Make the following changes to the MC6845 Data Sheet DS-0838-R1;

The clock frequency for "B speed deviges remaing at 3.0 MHz. Standard and "A"”
speed devices now have a 2.5-MHMz clock frequency. Hawever, all devices having
date codes between 8411 and 8428 were shipped with a 3-MHz character clock,

The CRTC TIMING CHARACTERISTICS table on page 5 should now read as
follaws:

CRTC TIMING CHARACTERISTICS (Reference Figures 4 and &)

MCEBa5
MCESA4E MCEBARAS
Characteristic Symbol Min Max Min Max Unit
Minimurm Closk Pulse Width, Low . PwiCL 180 - 180 - ns
Minimum Clock Pulse Width, High PWCH 200 - 180 - ns
Clock Frequency fo — 2.5 - 30 MHz
Rise and Fall Time for Clock Input tare tof = 20 - 20 ne
Memory Address Delay Timea tMAD — 160 - 160 ns
Raster Addrass Dalay Tirme tHAD - 160 — 180 ns
Display Timing Dalay Time thTo - 300 - 250 ns
Horizantal Syns Delay Time tHSD - 300 — 250 ns
Vertical Syng Delay Time WsD = 300 - 250 ns
Cursar Display Timing Delay Time teop — 300 - 250 ns
Light Pen Strobe Minimum Fulse Width PW) pi 100 = 80 - ng
Light Pen Strabe Disable Time 1L PO == 120 - 80 ns
1L.PDZ — [4] — iQ ng
NCTE: The light pen strabe must fall to low level before VS pulse rises,
This document contains information on & new product. Speafications and Information herein @MOTOROLA INC., 1984 DEUBIHAT-AT

Bre subject to change without netice,
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Motorola resarves the right & make changas without further notice ta any products hereln te improve reliability, function or design. Motorela does
nit assume any liability arislng out of the application or use of any product or circuit desertbed horein: nelther does it convay any licanse under ts
patant rights adr tha rights of othara. Motorola and (A are régistered trademarks of Metarola, Inc. Maotgraty, Inc. is an Equal Emplayment Oppartunity/
Affirmative Action Employer. y
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