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CRT Controller
Features .
® Single + & volt (£ 5%) power supply n

Alphanumeric and limited graphics capabilities
Fully programmable display {rows, columns, blanking,

etc.).

{nterlaced or non-interlaced scan

50/60 Hz operation

Fully programmable cursor

External light pen capabllity

Addressing capability up to 16K-character Video Display

RAM -

General Description

The UMG845E/EA/EB is a CRT Controller intended to pro-
vide capability for interfacing 8 or 16-bit microprocessors

_to CRT or TV-type raster scan displays. it's unique feature

Pin Configuration

et~ solJvsvne
RES []2 39 L JHSYNC
LPEN [C]3 as (] rao
ccoimao (14 37 [ RAY
cciMAL 15 38 [ ] RA2
cc2/imMA2 (e 35 [ ) RA3
ccamas [C}7 34 1 RA4
Cca/MAd []8 331 Joeo
ccs/Mas [C] 9 UM6E84SE/32 [ ] DB1
cce/MA6 (110 EA/EB 31 ] DB2
ccrmar TN 30{_]opB3
CRO/MAS [[}12 20 o84
CR1/MAS [ 113 28§ 1086
CR2/MA10 [] 14 27 []oss
CR3/MA11 [ 15 26 | ] 0B7
CR4/MA12 ] 16 26[]CS
CRS/MA13 [ 17 24§ 1RS
DISPLAY ENABLE []18 23]€
cuRsoRr {19 2{1rW
vee [} 20 21 [Jceuk
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No DMA required

® Pin-compatible with MC68456R

Row/column or straight-binary addressing for Video
Display RAM

Video Display RAM configurable as part of mi-
croprocessor memory field or as independent slave to
uMe6845

Internal status register

a4 3.7 MHz character clock

® Transparent address mode

is the inclusion of several modes of operation, so that
the system designer can configure the system with a wide
assortment of features.

Block Diagram

DB0-DB7 (:::)

£ ———»
R ——
CS —*

RS ———

Vee GND

|—-— HSYNC

}— VSYNC

|— DISPLAY ENABLE
|—— CURSOR

j«-—— LPEN

UMGEB45E/EA/EB
CRTC

4 J

\MAO-MA13 RAQ-RA4 /

j4¢——— CCLK
+—— RES

VIDEO DISPLAY RAM AND CHARACTER ROM
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Absolute Maximum Ratings* *Comments
Supply Voltage,Vee . . ... ......... —0.3V to +7.0V Stresses above those listed under “Absolute Maximum
Input/Output Voltage, Viy . ... ..... ~0.3V to +7.0V Ratings’’ may cause permanent damage to the device.

Operating Temperature, Tgp ... .. ...... 0°C 0 70°C

These are stress ratings only. Functional operation of
Storage Temperature, Tgtg

......... ~55°C to 160°C this device at these or any other conditions above those
. indicated in the operational sections of this specification
All inputs contaln protection circuitry to prevent damage is not implied and exposure to absolute maximum rating
due to high static discharges. Care should be exercised conditions for extended periods may affect device re-
to prevent unnecessary applicatlon of voltages In excess liability.

of the allowable limits,

D. C. Electrical Characteristics )
(Ve = 5.0V £5%, Ta =0 — 70°C, unless otherwise noted)

Symbol Characterlistics Min. Typ. Max. Units
ViH Input High Voltage 2.0 Vee \
ViL Input Low Voltage -0.3 0.8 \
lin Input Leakage (¢2, R/W, RES, CS, RS, LPEN, CCLK) - 25 KA

Three-State Input Leakage (DBO-DB7)
I7si Vin = 0.4 to 2.4V =100 +10.0 HA
Output HIgh Voltage
Vou lLoAD = —205uA (DB0-DB7) 2.4 - \"
ILoap = —100uA {(all others)
Output Low Voltage
VoL lLoap = 1'6mA - 0.4 \
Pp Power Disslpation - 326 650 mwW
Cin Input Capacitance
$2, R/W, RES, CS, RS, LPEN, CCLK - 10.0 pF
DB0-DB7 - 12,5 pF
Cout Output Capacltance - 10.0 pF
Test Load
Vce
’ 2.4KQ
UMBGBB45E PIN

'II———H—

T

R =11K$2 FOR DB0-DB7

R =24K{} FOR ALL OTHER OUTPUTS
C =130pF TOTAL FOR DB0O-DB7

C =30pF ALL OTHER OUTPUTS
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MPU Bus tnterface Characteristics
WRITE CYCLE

€ /

tcH . I !
e .
saw X tes ] S, RIW il teg -

tcye

—PWEH
] L
“PWELﬁ

READ CYCLE'

|~ tCYC ——n]

*PWEHﬁ
E /- *PWELJ?

tAH]

IDDR - tDHR
DATABUS tDsw 'DHMW —_— . —
DATA BUS . J =
— DA
Write Timing Characteristics (Vce = 5.0V £5%, Ta =0 — 70°C, unless otherwise noted)
UMB6845E UMG8B45EA UMG8B45EB
Symbot Characteristics Units
Min. Max. Min. Max. Min, Max.
tcye Cycle Time 1.0 - 0.5 - 0.33 - us
PWEH E Pulse Width, High 440 - 200 - 160 - ns
PWEL E Pulse Width, Low 420 ~ 190 - 140 - ns
tAS Address Set-Up Time 80 - 40 - 30 - ns
tAH Address Hold Time 0 - 0 - 0 - ns
tcs R/W, TS Set-Up Time 80 - 40 - 30 - ns
tcH R/W, CS Hold Time 0 - 0 - 0 - ns
1DSW | Data Bus Set-Up Time 166 | - 60 - 60 - ns
tDHW Data Bus Hold Time 10 - 10 — 10 - ns
{tr and t§= 10 to 30 ns)
Read Timing Characteristies (Vo = 5.0V £5%, Ta =0 —70°C, unless otherwise noted)
UMGBA4SE UMG845EA UMG6845EB
Symbol Characteristics Units
Min, Max. Min. Max. Min, Max.
tcyc Cycle Time 1.0 - 0.5 — 0.33 - us
PWEH ¢, Pulse Width, High 440 - 200 - 150 - ns
PWEL $, Pulse Width, Low 420 - 190 - 140 - ns
tAS Address Set-Up Time 80 - 40 - 30 - ns
tAH Address Hold Time 0 - 0 - 0 - ns
tcs R/W, CS Set-Up Time 80 - 40 - 30 - ns
tDDR Read Access Time {Valld Data)- - 290 - 160 - 100 ns
tDHR Read Hold Time 10 - 10 - 10 60 ns
tDA Data Bus Actlve Time (invalid Data) 20 60 20 60 20 60 ns
TAD MAO-MA13 Switching Delay oo [ oo | e | N
{Refer to Figure Trans. Addressing) typ. typ. typ.
(tr and t¢=10 to 30 ns)
3-83

This Material Copyrighted By Its Respective Manufacturer




- z

UNICORN MICROELECTRONICS

Oume

24E D WW 9274784 0000303 L W

T-52-33-%7
UM6845E/EA/EB

Memory and Video Interface Characteristics
{Veg = 5.0V £ 5%, Ta =0 to 70°C, unless otherwise noted)

tcey

PWCL —
ccmo.av 08v V'R,
o 1t
MAOMAIZ fzav — 04V
‘.lMAJ [ tMAD
AAG-RA4 o Av oy
[+ {RAD: . . [+—tRAD
DISPLAY ENABLE 249 e 0.4v
[+— DTO ‘j: N [+— 'DTD
HSYNC, VSYNC j 24v ) 0.4v
[ :cgg L 0 ~— Wi
CURSOR 24v o 0.4v
[+— tcop |+— tco0
Symbol Parameter Typ. Max, Units
tocH Minimum Clack Pulse Width, High ns
tcev ‘Clock Frequency 37 MHz
Tty U Rise and Fall Time for Clock lnput 20 ns
tMAD Memory Address Delay Time 100 160 ns
tRAD Raster Address Delay Time 100 160 ns
tDTD Display Timing Delay Time 160 250 ns
tHSD Horlzontal Sync Delay Time 160 250 ns
tvsD Vertlcal Sync Delay Time 160 260 ns
tCcDD Cursor Display Timing Delay Time 160 250 ns

Transparent Addressing (¢ 1/¢2 Interleaving)

Light Pen Strobe Timing

TAD tTAD
S S S
Mao-  DisPLAY \UpDATE \f DispLAY\/ UPDATE MAg-MA3 n_ X _ort X oar2 X
MA13 ADDR /N _ADDR ADDR ADDR
Note: “Safe” time pasition for LPEN pasitive edge
to cause address i + 2 to load Into Light Pen Register.
tLp2 and tpq are time positions causing uncertain results.
Symbol ch coristl UMG845E UMG845EA UMG6845EB Uni
mi aracteristics nit
v Min, max. Min. Max. Min. Max.
tLPH LPEN Strobe Width 100 - 100 - 100 - ns
tLpP1 LPEN to CCLK Delay - 120 - 120 - 120 ns
tLR2 CCLK to LPEN Delay - 0 - 0 - 0 ns
tr and t§ = 20 ns {max.)
3-84
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 UM6845E/EA/EB

MPU Interface Signal Description

E (Enable) .
The enable signal is the system Input and is used to trigger
all data transfers between the system microprocessor and

.the UMBB4BE/EA/EB. Since there Is no maximum fimit

to the allowable E cycle time, it is not necessary for it to
be a continuous clock, This capability permits the
UMGE845E/EA/EB to be easily interfaced to non-6500-
compatible microprocessors.

R/W (Read/Write)

The R/W signal is generated by the microprocessor and is '

used to control the direction of data transfers. A high on
the R/W pin allows the processor to read the data supplied
by the UMBB4SE/EA/EB; a low on the R/ pin allows
a write to the UMBBAGE/EA/EB,

TS (Chip Selest)

The Chip Select Input Is normally connected to the pro-
ressor address bus either directly or through a decoder.
The UMBBASE/EA/EB is selected whan TS is low,

RS (Register Sefect)

The Register Select Input Is used to access Internal registers.
A low on this pin permits writing into the Address
Register and reads from the Status Register. The Address
Register contains the identity of the register accessed
when RS is high.

DB0-DB?7 (Data Bus)

The DBQ-DB7 pins are the eight data lines used for transfer
of data between the processor and the UMBBAGE/EA/EB,
These lines are bi-directional and are normally high-im-
pedance except during read/write cycles when the chip
is salected,

Video Interface Signal Description

HSYNC (Horizontal Sync)

The HSYNC signal Is an actlve-high output used to deter-
mine the horizontal position of displayed text. [t may
drive a CRT monitor directly or may be used for composite
video generation. HSYNC time position and width are
fully programmable.

VSYNC (Vertical Sync)

The VSYNC signal is an active-high output used to deter-
mine the vertical position of displayed text. Like HSYNC,
VSYNC may be used to drive a CRT monltor or composite

_video generation circuits. VSYNC positlon and width are

both fully programmable.

DISPLAY ENABLE

The DISPLAY ENABLE signal Is an active-high output
and is used to indicate when the UMGB4BE/EA/EB is
generating active display information. The number of
horizontally displayed characters and the number of
vertically displayed characters are both fully pragrammablie
and together are used to generate the DISPLAY ENABLE

‘signal, DISPLAY ENABLE may be detayed by one char-

acter time by setting bit 4 of R8 toa "'1"".

CURSOR

The CURSOR signal is an active-high output and is used
to indicate when the scan coincides with the programmed
cursor position. The cursor position may be programmed
to be any character In the address field. Furthermore,
within the character, the cursor may be programmed to
be any block of scan iines, since the start scan line and the
end scan line are both programmable, The CURSOR
position may be delayed by one character time by setting
bit6of RBtoa"1”.

LPEN

The LPEN signal is an edge-sensitive input and {s used to load
the internal Light Pen Register with the contents of the
Refresh Scan Counter at the time the active edge occurs.
The active edge of LPEN is the low-to-high transition.

CCLK
The CCLK signal is the character timing clock input and Is
used as the time base for all internal count/control func-
tlons.

RES

The RES signal Is an active-low input used to initialize all
internal scan counter clrcuits. When RES is low, all Internal
counters are stopped and cleared, all scan and video outputs
are low, and control registers are unaffected. RES must
stay low for at least one CCLK period. All scan timing
Is initiated when RES goes high. in this way, RES can
be used to synchronize display frame timing with line
frequency.

-Memory Address Signal Description

MAO-MA13 (Video Display RAM Address Lines)

These slgnals are active-high outputs and are used to address
the Video Display RAM for character storage and display
operations. The starting scan address Is fully programmable
and the ending scan address Is determined by the total
number of characters displayed, which Is also program-
mable, In terms of characters/iine and lines/frame.

There are two selectable address modes for MAQ-13:

8 Binary
Characters are stored in successive memory locations.
Thus, the software must be developed so that row and
column co-ordinates are translated to sequentially
numbered addresses for video display memory opera-
tions.

8 Row/Column
In this mode, MAQ-7 functions as the column addresses
CCO-7, and MAB-13, as row addresses CRO-CR5. In
this case, the software may handle addresses In terms
of row and column locations, but additional address
compression circuits are needed to convert CCO-7
-and CRO5 into a memory-efficient binary scheme.
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RAO-RA4 (Raster Address Lines)

These signals are active-high outputs and are used to select
each raster scan within an Indlvidual character row. The
number of raster scan fines {s programmable and determines
the character helght, Including spaces between character
FOWS.

The high-order line, RA4, Is unique In that It can also

function as a strobe output pin when the UMG845E/EA/EB
is programmed to operate in the '‘Transparent Address
Mode"”. In this case the strobe Is an active-high output
and Is true at the time the Video Display RAM update
address is gated on to the address lines, MAO-MA13, In

this way, updates and readouts of the Video Display .

RAM can be made under control of the UMGBASE/EA/EB
with only a small amount of external circuitry.

HORTOTAL
1

[ +om DisrLaveD
i

A
M

clolele[cfn [ ]x]e 1
ole

Z|m

DISPLAYED /| =1
VERT {
TOTAL 7} v

SCAN
LINES

VERT | - 1"

VERT
TOTAL
1 aojust

Description of Internaf Registers = *

Figure 1 illustrates the format of a typical video display
and shows the functions of the various UMGB45E/EA/EB
internal registers. Figure 2 illustrates vertical and horizontal
timing. Figure 3 summarizes the internal registers and
indicates their address selection and read/write capabilities.

Address Register _

This Is a B-bit register which is Used as a ""pointer” to direct
UMBGBAGE/EA/EB data transfers to and from the system
MPU. its contains the number of the desired register
(0-31). When RS is low, then this register may be loaded;
when RS is high, then the register selected is the one whose
,Identity Is stored In this register.

NN H 1 Il ] NUMBER OF
H H | SCANLINES
1 N | PER
gy HH H | cHAracten
HHH H | eow
(MENEAE) RN NNNE
T T

Figure 1. Video Display Format

Status Register

This 3-bit register is used to monitor the status of the
CRTC, as follows:

Lrlelsfefsfa]r]o]

NOT USED

VERTICAL BLANKING

“Q": Scan Is not currently in vertical blanking
portion of its timing

“1'': §can currently is in its vertical blanking
tima.

LPEN REGISTER FULL

“9": This bit goes to "0’ whenever either
register R168 or R17 is read by the MPU,

‘“1'*: This bit goes to "1’ whenever a LPEN
strobe occurs.

UPDATE READY

“0': This bit goes to “0" when register R31
has been either read or written by the
MPU,

"1*: This bit goes to “1" when an Update
Strobe occurs.

Horizontal Totél (RO)

This 8-blt register contains the total of displayed and
non-displayed characters, minus one, per horizontal line.
The frequency of HSYNC is thus determined by this
register.

Horizontal Display (R1)

This 8-bit register contains the number of displayed
characters per horizontal line.

Horizontal Sync Position {R2)

This 8-bit reglster contains the position of the HSYNC
on the horizontal line, in terms of the character location
number on the line. The position of the HSYNC deter-
mines the left-to-rlght location of the displayed text
on the video screen. In this way, the side margins are
adjusted.

3-86
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1 COMPLETE FIELD (VERTICAL TOTAL)

VERTICAL DISPLAYED

Twece ] U LM U U LU UL
ENABLE

1 COMPLETE SCAN LINE (HORIZONTAL TOTAL)

Ul ko

HORIZONTAL DISPLAYED

DISPLAY
ENABLE

HSYNC

N

RAQ.RA4 X

X
X

Figure 2. Vertical and Horizontal Timing

Horizontal and Vertical SYNC Widths (R3)

This 8-bit register contains the widths of both HSYNC
and VSYNC, as follows:

VSYNC WIDTH* HSYNC WIDTH

(NUMBER OF CHARACTER
CLOCK TIMES)

(NUMBER OF SCAN
LINES)

*IF BITS 4-7 ARE ALL 0", THEN VSYNC WILL BE
16 SCAN LINES WIDE,

Control of these parameters allows the UMBB45E/EA/EB
to be interfaced to a variety of CRT monitors, since the
HSYNC and VSYNC timing signals may be accommodated
withiout the use of external one-shot timing. :

Vertical Total (R4)

The Vertlcal Total Register is a 7-bit register containing
the total number of character rows in a frame, minus
one. This register, along with RS, determines the overall
frame rate, which should be close to the line frequency
to ensure flicker-free appearance. If the frame time s
adjusted to be longder than the perlod of the line frequency,
then RES may be used to provide absolute synchronization.

Vertical Total Adjust (R5)

The Vertical Total Adjust Register is a 5bit write-only
register containing the number of additional scan lines
needed to complete an entire frame scan and is intended
as a fine adjustment for the video frame time.

Vaertical Displayed (R6)

This 7-bit register contains the number of displayed
character rows in each frame. In this way, the vertical
size of the displayed text Is determined.

Vertical Sync Position {(R7)

This 7-bit register {s used to select the character row
time for the VSYNC pulse and thus is used to position the
displayed text in the vertical direction

387
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Mode Control (R8)

This register {s used to select the operating modes of the
UMB6845E/EA/EB and is outlined as follows:

716|86{4]3}2§1]0

INTERLACE MODE CONTROL

BiT

OPERATION

Non-Interlace

Interlace SYNC Raster Scan

—|lolxi-
=sl=]lolo

Interlace SYNC and Video Raster
Scan

VIDEO D!SPLAY RAM ADDRESSING
“0" for straight binary

“1" for Row/Column

VIDEO DISPLAY RAM ACCESS
0" for shared memory
“1" for transparent memory addressing.

DISPLAY ENABLE SKEW

“0" far no delay

1’ to delay Display Enable ane character
time

CURSOR SKEW
“0" for no delay
“1" to delay Cursor one character time

UPDATE STROBE (TRANSPARENT

MODE ONLY]

*0"” for pin 34 to function as memory
address

“1" for pin 34 to function as update strobe

UPDATE/READ MODE (TRANSPARENT

MODE ONLY)

*0" for updates to occur during horizontal
and vertical blanking times with update
strobe

"1 for updates to be interleaved in $2
portion of cycle

Scan Line (R9)

This 6-bit register contalns the number of scan lines per
character row, including spacing, minus one.

Cursor Start {R10) and Cursor End {R11)

These 5-bit registers select the starting and ending scan
lines for the cursor. In addition, bits 5 and 6 of R 10 are
used to select the cursor mode, as follows:

BIT
6 5 Cursor Mode
4] 0 No Blinking
o . 1 No Cursor
1 0 Blink at 16 x fleld period
1 1 Blink at 32 x fleld period

Note that the ability to program both the start and end
scan tine for the cursor enables either block cursor or
underlined. Reglsters R14 and R15 are used to control

the character position of the cursor over the entire 16K
address field.

Display Start Address High {R12) and Low (R13)

These registers together comprise a 14-bit register
containing the memory address of the first character
of the displayed scan {the character on the top left of
the video display, as in Figure 1). Subsequent memory
addresses are generated by the UMG845E/EA/EB as a result
of CCLK input pulses, Scrolling of the display is accom-
plished by changing R12 and R13 to the memory address
associated with the first character of the desired line of
text to be displayed first. Entire pages of text may be
scrolled or changed as well via R12 and R13.

Cuysor Position High (R14) and Low (R15)

These registers together comprise a 14-bit register
containing the memory address of the current cursor
position. When the video display scan counter {(MA lines)
matches the contents of this register, and when the scan
line counter (RA lines) falls within the bounds set by
R10 and R11, then the CURSOR output becomes active.
Bit 5 of the Mode Control Reglster (R8) may be used
to delay the CURSOR output by a full CCLK time to
accommodate slow access memorles,

LPEN High (R16) and Low {R17)

These registers together comprise a 14-bit register
‘containing the light pen strobe position, in terms of the
video display address at which the strobe occurred. When
the LPEN input changes from low to high, on the next
negative-going edge of CCLK the contents of the internal
scan counter are stored in registers R16 and R17.

Update Address High {(R18) and Low (R19)

These registers together comprise a 14-bit register
containing the memory address at which the next read
or update will occur (for transparent address mode only).
Whenever a read/update occurs, the update location auto-
matically increments to allow for fast updates or readouts
of consecutive character locations, This is described
elsewhere in this document.

Dummy Location {(R31)

This register does not store any data, but is required to
detect when transparent addressing updates occur. This
is necessary to increment the Update Address Reglster
and to set the Update Ready bit In the status reglster.

Description of Operation

Register Formats

Register pairs R12/R13, R14/R15, R16/R17, and R18/R19
are formatted In one of two ways:

1. Straight binary if register R8, bit 2isa 0",
2. Row/Column if register R8, bit 2 is a “1”. In this

3-88
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case the low byte Is the Character Column and the
high byte Is the Character Row.

Figure 4 Hlustrates the address sequence for the video
display control for each mode.

Note from Figure 4 that the straight-binary mode has
the advantage that all display memory addresses are stored
in a continuous memory block, starting with address 0 and
ending at 1919, The disadvantage of this method is that,
If 1t Is desired to change a displayed character location,
the row and column Identity of the location must be
converted to a binary address before the memory may
be written. The row/column mode, on the other hand,
does not need to undergo this conversion. However,
memory is. not used as efficlently, since the memory
addresses are not continuous, but gaps exist. This requires
that the system be equipped with more memory than is
actually used and this extra memory [s wasted. Alterna-
tively, address compression logic may be employed to
translate the row/column format into a continuous address

block. in this way, the user may select whichever mode
is best for the given application. The trade-offs between
the modes are in software and hardware needs. Straight-
binary mode minimizes hardware requirements and row/
column requires minlmum software,

Video Display RAM Addressing

+ There are two modes of addressing for the video display

memory:

1. Shared Memory
In this mode the memory Is shared between the MPU
address bus and the UMGB45E/EA/EB address bus, In
this case, memory contention must be resolved by means
of external timing and control circults. Both the MPU

" and the UMG8B45E/EA/EB must have access to the
video display RAM and the contention circuits must
resolve this multiple access requirement. Figure 5
illustrates the system configuration.

Ts | ms :d:”; :‘“9' Ro. | Registor Name Stored Info. | RD | WA [—— 5“"“;’“;3"‘2. 1
1 b bl b e el M R N )

0| 0 |-}{=|-i=]=| - [AddressReg Reg. No. v N A4 [A3 [A2 |As Ao
o0l 0 |—j=I=|-]=| = |Status Reg v UjL|vVv

0 1 10]0]0{0]|0] RO jHoriz, Total #Charac, — 1 vV ]eje|e oo

0 1 1010|0j0]1} R1 | Horlz, Displayed #Charac. vV ]|eloele|e|e|e]|e]e
0 1 |o|ojo{1]|0] R2 | Horiz, Sync Position | #Charac. vVie|e|[e|eleje|e|e
o | 1 {o|ofo]1]1] R3 |Eync, HSYNC | #8can Lines and v {Va|V2|Vi Ve [Hs [Ha [Hy [Ho
o | 1 Jofo]1]ofo] R4 | Vert, Total #Charac, Row — 1 v elojoje|ojele
0 1 Joloj1{0]|1| RS | Vert, Total Adjust #Scan Lines v e |(ojoje|e
o | 1 [olo]1{1]0o] R6 | Vert, Displayed #Charac, Rows N oo (o loelole|e
0 1 |0f0l1]11}1] R7 | Vert, Sync Position #Charac, Rows v sloelojoe|e]|e]e
0 1 joltjolo|0| R8 | Mode Control Vv |Ui|Uo|C |D|TIRC]1 | lo
0 1 joj1]o}o{1}| RO | Scan Line #Scan Lines—1 -/ e loeflofo]e
0| 1 |o[1]o]1]0|R10 | Cursor Start Scan Line No. v RNBi1|Bo|e (e ]|eo]e]|e
0 1 joj1|o{1]1|{R11 | Cursor End Scan Line No. v o |(o|eo|e|e
0 1 [0f1]|1}0]0]|R12 | Display Start Addr (H)| Row v oo |oje]|ele
0 1 [o]1]1]0[1|R13 | Display Start Addr (L} { Col Vielele|e|oe|eo|e]|e
0 1 {0i1]1]1]0}R14 | Cursor Position (H) Row NARY o|o|ojee]e
0 1 |o|1}1]1]|1]ETS | Cursor Position {L) Col v eje|o|eolefe]e]e
0| 1 [1]o]o]o[o]|R16 | Light Pen Reg (H) v d&o efefele]e
0 1 }11]10{0]0]1]R17 | Light Pen Reg (L) v ro eloe|ojo|oe|e|e
0| 1 |1{o}o]1]0)R18 | Update Locatlon {H) v o|leo|eoleo]|e]e
0 1 [1]10]|0]1}1]|R19 | Update Locatlon (L) V]ie|e|e|e|je|e]e]|e
0 | 1 j1[{1}{1]1]1]R31 [ Dummy Location N RN

Notes: E Designates binary bit

§ Designates unused blt, Reading this bit Is always “0”, except for
R31, which does not drive the data bus at all, and for CS="1"
which operates likewise.

Figure 3. Internal Register Summary
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Straight Binary Addressing Sequence

| TOTAL =90
| DISPLAY =80 1
[T 1 2 - - T 77 78 79 80 | 8i - | 89
g [[eo |8 82 | --- | --- | 167 | 168 | 189 | 160 | 161 | --- | 169
y 1160 | 161 | 162 | --- | --- | 237 | 238 [ 239 | 240 | 241 | --- | 249
> I : ;
3 < ; :
" g : :
4 0 ] ] i
& o [1760 | 1761 | 1762 | --- | --- | 1837 | 1838 | 1830 | 1840 | 1841 | --- | 1849
O |84 | TearT[ied2 | - T~ 11017 | 1918 | 1910 | 1920 | 1921 | --- | 1920
1920 [ 1921 | 19227 | --- | --- | 1997 | 1998 | 1999 | 2000 | 2001 | --- | 2009
2000 | 2001 | 2062 | --- | --- | 2077 | 2078 | 2079 | 2080 | 2081 | --- | 2089
: ; :
2640 | 2641 | 2642 | . | .- 2217 | 2718 | 2719 | 2720 | 2721 | --- | 2729
Row/Column Addressing Sequence
I TOTAL=90
| - —— DISPLAY =80 ~ .
COLUMN ADDRESS (MAO-MA7)
I 0 1 2 , 77 78 79 80___ 81 89
5 o[ o 1 2 - | - [ 77 78 79 80_] 81 - | 8
& % 11266 | 267 | 268 | --- | --- | 333 | 334 | 335 | 336 | 837 | --- | 346
W = 21512 | 613 | B14 | --. | - | 689 | 690 | 691 | 692 | 693 | --- | 601
> ' i :
3:5 2 ; -
g o 21 [ : :
Z1o i 22 [6632 | 6633 | 6634 | --- | --- | 6700 | 5710 | 6711 | 6712 | 6713 | --- | 6721
O | %5 _23 |6888 | 6680 | 6890 | --- | --- | 6065 | 5966 | 6607 | 6968 | 5960 | --- | 5977
b T Q236144 | 6146 | 6146 | --- | --- | 6221 | 6222 | 6223 | 6224 | 6225 | -~ | 6233
; 25 | 6400 | 6401 | 6402 | --- | --- | 6477 | 6478 | 6479 | 6480 | 6481 | --- | 6489
o i i i
@ 33 | 8448 | 8449 [ 8450 | --- [ --- | 8606 | 8526 | 8527 | 8628 | 8520 | --- | 8537

Figure 4. Display Address Sequences (with Start Address = 0) for 80 x 24 Example

SYSTEM | YSYNC T
8US
HSYNC
UMBGB4SE/EA/EB -
CRT CONTROLLER DISPLAY ENABLE
; 10
MAO-MAI3 machaq JCURSOR | Dheo
CIRCUITS
DISPLAY AD3RESS
MPU <:>
ADDRESS H SHIET
CONTENTIOV sean weQ P ) pegisrern

CONTAOL Co.NT
MPU
ADDRESS ‘
BUS

VIDEO AT3RLS
SN2
VIDEO CHARACTER
DISPLAY :@CEVEEA'OR
RAW ROU
~) " mPy AniBneTTA SCAN LINE
DATA T DOT PATTERN
8US

Figure 5. Shared Memory System Configuration
3-90
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2. Transparent Memory Addressing.
For this mode, the display RAM Is not directly acces-
slble by the MPU, but Is controlled entirely by the

24E D MW 9278788 0000310 3 mA
T-53-33-41
UM6ES45E/EA/EB

UMGBABE/EA/EB. All MPU accesses are made via the
UMBBASE/EA/EB and a small amount of external
circuits. Figure B shows the system configuration for
this approach.

SYSTEM
BUS
. UMGBAGE/EA/EB
: CRT CONTHOLLER
RA4 MAO-MA13 - RAO-RA3
UFDATE DISPLAY/UPDATE SCAN LINE
STROBE ADDRESS COUNT
VTN Gmm—
DATA VIDEO CHARACTER
<:@:> HOLD DISPLAY GENERATOR
CH RAM M
NAR-Ad IV A RO
DATA
BUS
CHARACTER CHARACTER
DATA DATA

Figure 6. Transparent Me}norv Addressing Systém Configuration {Data Hold Latch
needed for Horizontal/Vertical Blanking updates only).

Memory Contention Schemes for Shared Memory
Addressing

From the Figure 6 it is clear that both the UMGBABE/EA/
EB and the system MPU must be capable of addressing the
video display memory. The UMGB45E/EA/EB repetitively
fetches character information to generate the video signals
in order 1o keep the screen display active. The MPU
occasionally accessas the memory to change the displayed
information or to read out current data characters. Three
ways of resolving this dual contention requirement are
apparent:

» MPU Priority )
In this technique, the address lines to the video display
memory are normally driven by the UMBB46E/EA/EB
unless the MPU needs access, in which case the.MPU
addresses immediately over-ride those from the
UMBG845E/EA/EB and the MPU has immediate access.

n p1/¢2 Memory Interleaving

This method gives both the UMBB45E/EA/EB and the
MPU access to the video display memory by time-sharing
via the system ¢1 and ¢2 clocks. -During the ¢:1
portion of each cycle {the time when E is low), the
UMBB45E/EA/EB address outputs are gated to the
video display memory, In the ¢2 time, the MPU address
lines are switched in. In this way, both the UMBB45E/
EA/EB and the MPU have unimpeded access to the
memory. Figure 7 illustrates the timings.

m Vertical Blanking

With this approach, the address circultry Is identical
to the case for MPU Prlority updates. The only dif-
ference Is that the Vertical Retrace status bit (blt 6
of the Status Register) is used by the MPU so that access
to the video display memory is onty made during vertical
blanking time (when bit 6 Is a "1").
visible screen perturbations result.

In this way, no

3-01
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T-52-33-40
UMG6845E/EA/EB

N

VIDEO

le—— MPU

CYCLE ~———»e¢——— MPU CYCLE —»]

4—¢2——>

N

1
DISPLAY UMB684SE MPU UMB845E MPU
MEMORY MAO-MA13 ADDRESS MAO-MA13 /\ ADDRESS
ADDRESSES 1 1 1 L
E | I | |
Figure 7. ¢1/42 Interleaving
i le——— MPU CYCLE —»le——— MPU CYCLE
~ e \ ' /[ \
le— D1 ~tolt—— 2 —»f
1
DISPLAY UPDATE DISPLAY UPDATE
MAO-MA13 X ADDRXADDRI X ADDRX ADDR
L l
| [ [} 1

Figure 8. $1/¢2 Transparent Interleaving

Transparent Memory Addressing

In this mode of operation, the video display memory
address llnes are not switched by contention circuits,
but are generated by the UMB845E/EA/EB, In effect, the
contention is handled by the UMGB4AGE/EA/EB. As a
result, the schemes for accessing MPU memory are diff-
erent:

2 $1/92 Interleaving

This mode is similar to the Interleave mode used with
shared memory. In this case, however, the ¢2 address
is generated from the Update Address Register
(Registers R18 and R19) in the UMBB45E/EA/EB. Thus,
the MPU must first load the address to be accessed
into R18/R19, This address is then always gated

3-92
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onto the MA lines during ¢2.
timing.

Figure 8 shows the

u  Horizontal/Vertical Blanking

In this mode, the Update Address is loaded by the
MPU, but is only gated onto the MA lines during
horizontal or vertical blank times, so memory accesses
do not interfere with the display appearance. To
slgnal when the update address Is on the MA lines,
an update strobe (STR) is provided as an alternate
function of pin 34, Data hold latches are necessary
to temporarlly retaln the character to be stored until
the retrace time occurs. In this way, the system MPU
Is not halted waiting for the blanking time to arrive.
Figure 9 1llustrates the address and strobe timing for
this mode.
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UMG6845E/EA/EB

CCLK I

DisPLAY [T~ HORIZONTAL/VERTICAL BLANKING ——=

] i | 1
DISPLAY
ENABLE CRT DISPLAY .

FAYAVAYAVAYAVAN

NON-DISPLAY 1

.':

i |
ADDHESSES ! ; :

CHT DISPLAY ADDRESSES

MAO- ' UPDATE '
MA13 | ADDRESS

|

| |

i i!-—‘| !

UPSTB | !
| T

Figure 9. Retrace Update Timings

Interlaced Modas

There are three raster-scan display modes (see Figure
10).

a) Non-Interlaced Mode

In this mode each scan line is refreshed at the vertical
field rate {50 or 60 Hz).

In the interlaced scan modes, even and odd fields
alternate to generate frames. The horizontal and ver-
tical timing relatlonship causes the scan lines in the
odd fields to be displaced from those in the even flelds.
The two additional raster-scan display modes pertain
to interlaced scans.

b} interfaced Sync Mode

This mode is used when the same information is to
be displayed in both odd and even fields. Enhanced read-
ability results because the spaces between adjacent rows
are filled and a higher quality character is displayed.
This is achieved with only a slight alteration in device
operation: in alternate fields, the pasition of the VSYNC
signal is delayed by % of a scan line time. This is
illustrated in Figure 11, and is the only deviance of
UM6846E/EA/EB operation in this rﬁode.

¢) Interlaced Sync and Video Mode

This mode is used to double the character density on
the screen by displaying the even lines in even fields
and the odd lines in odd fields. As in the Interlaced-
Sync mode, the VSYNC positlon is delayed in alternate
display fields. [n addition, the address generation is
altered,

3-93
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1 D B
2 D D
36~ S
4 oot . -
3 W VW
5 ——¢ &
oo~ &
Y 4
NON-INTERLACED
EVEN [a]570]
FIELD FIELD
0 |
I 0
1 4 $7——
1
2
2
3 [
- 3
4 —] -
5 1 AY 2~ 74 — 4
6 — 85
& %‘—
o R 6
o
A 4
INTERLACED-SYNC
EVEN obD
FIELD FIELD
0 29 o 0
R @
1 & 1
2 N
3 3
4 d hid
H | 4
5 Y W\ |
b | 6
6 —1 L.
- 6
Ein ¥ A A A 7
999

INTERLACED SYNC AND VIOEQ

Figure 10. Comparison of Display Modes
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DISPLAY
ENABLE
FOR 0ODD
FIELD _|

HSYNC J-

VSYNC

- UMG6845E/EA/EB

1 COMPLETE FIELD

LRy L
U O O O O

|
RAO-RA4
%

VSYNC

I

|

ODD FIELD :
I

2 SCAN LINE TIME'__.l ~—

EVEN FIELD

DISPLAY

LI

Cursor and

Bits 4 and 5 of
Figure 12 illust

=

1 SCAN LINE —
DELAY

Figure 11, Interlaced Sync Mode and Interlaced Sync & Video Mode Timing

Display Enable Skew Control

the Mode Control register (R8) are used to delay the Display Enable and Cursor outputs, respectively.
rates the effects of the delays,

CCLK I I I I I I I I__I L

I
]
{NO DELAY} I
)
CURSOR |
{(WITH DELAY] l
DISPLAY {NO DELAY)
ENABLE |
POSITIVE

EDGE
(WITH DELAY)

(NO DELAY) I
DISPLAY

ENABLE |
NEGATIVE

EDGE WITH DELAY) |

Figure 12. Cursor and Display Enable Skew
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- UMG6845E/EA/EB

FRAME

VERTICAL DISPLAY FRAME

VERTICAL
BLANKING

DISPLAY |
ENABLE |

I

|

VERTICAL |
|

|

BLANKING

STATUS

(STATUS

REGISTER "0" = DISPLAY ACTIVE \

BIT 61 “1" = VERTICAL

BLANKING

SWITCHES STATE AT ACTIVE
END OF LAST DISPLAYED.
SCAN LINE,

Figure 13. Operation of Vertical Blanking Status Bit
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@UMB UM6G845E/EA/EB
CRTC Register Comparison Table
NON- INTERLACED

UMBB45R/RA/RB
MC6846R/RA/RB| UMB845/A/B
Register MCB845 UMBBA45E/EA/EB
MCOBAG®1 HD8845R HD68845S
RO Htotaj Total-1 Total-1 Total-1 Total-1
R1 Hdisp Actual Actual Actual Actual
R2 Hsync Actual Actual Actual Actual
R3 Sync Width Horizontal Horizontal Horizontal Horizontal
{& Vertical *1) & Vertical & Vertical
R4 Vtotal Total-1 Total-1 Total-1 Total-1
R5 Vtotal Adjustment Any Value Any Value Any Value Any Value
R6 Vdisp Any Value Any Value Any Value Any Value
<R4 <R4 <R4 <R4
R7 Vsync Actual-1 Actual-1 Actual-1 Actual-1
R8 BO-1 Interlace Interlace Interlace Interlace
Mode B2 - - - Row/Column or
Select Binary Addr.
B3 - - - Shared or
Transparent
Addr.
B4 {Display Enable - Display Enable | Display Enable
Skew *1) Skew Skew
Bb {Display Enable - Display Enable | Cursor Skew
Skew *1) Skew
B6 {Cursor Skew *1) - Cursor Skew RA4/
B7 {Cursor Skew *1) - Cursor Skew Transparent
R9 Scan Lines Total-1 Total-1 Total-1 Total-1
R10 Cursor Start Actual Actual Actual Actual
R11 Cursor End Actual Actual Actual Actual
Write Only
R12/R13 Display Addr. Read Mirite Read /Mrite Read Mrite Write Only
(MC6845 & *1)
R14/R15 Cursor Position Read/Mirite ReadMrite Read /MWrite Read /MWrite
R16/R17 Position Read Only Read Only Read Only Read Only
R18/R19 Update N/A N/A N/A Transparent
Addr, Register Mode Only
R31 Dummy Register N/A N/A N/A Transparent
Mode Only
Status Register Yes (UM6845R) | No No Yes
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UMG6845E/EA/EB
CRTC Register Comparison Table. {Continued)
INTERLACED SYNC
UMGB45R/RA/RB
MC6E846R/RA/RB UM6846/A/8
Register MC6846 UMBBASE/EA/EB
MCBBAB HDBB4ER HDEB45S
RO Htotal Total-1 =0dd | Total-1=0dd | Total-1= Odd | Total-1 = 0dd
or Even or Even
INTERLACED SYNC AND VIDEO
R4 Viotal Total-1 Total-1 Total-1 Total-1
R6 Vdisp Total Total/2 Total Total
R7 Vsync Actual-1 Actual-1 Actual-1 Actual-1
R9 Scan Lines Total-1 Total-1 Total-1 Total-1
Odd/Even Only Even Qdd/Even Odd/Even
R10 Cursor Start QOdd/Even Both Odd Qdd/Even Odd/Even
R11 Cursor End Odd/Even Both Even Odd/Even Odd/Even
lecLK 2.6 MHz 2.6 MHz 3.7 MHz 3.7 MHz
Ordering Information
Part Number CPU Clock Rate Package
UMB845E 1 MHz 40L DIP
UMGB845EA 2 MHz 401 DIP
UMGB45ESB 3 MHz 40L DIP
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