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DP8350 Senes Programmable CRT Controllers

General Descnptron

The DP8350 Series of CRT . Controllers are single- chup
bipolar (2L technology). circuits in a 40-pin package.

They .are designed to be dedlcated CRT dnsplay refresh .

crrcurts

"The CRT Controller (CRTC) provides an internal dot

rate crystal controlled oscillator for ease of system )

design. For systems where a dot rate clock is already
provided, an external clock input may be used by the
‘CRTC. In either case system synchronization is made
possible with the use of the buffered Dot Rate Clock
Output.

The DP8350 Series has 11 character generation related
timing outputs. These outputs are compatible for
systems with or without line buffers, using character
ROMS, or DMB8678-type latch/ROM/shift register
circuits. ' ' '

12 bits (4k) of bidirectional TRI-STATE® character
memory addresses are provided by the CRTC for direct
interface to character memory.

Three on-chip registers provide for external loading of
the row starting address, cursor address, and top-of- -page
address.

A complete set of video outpufs is available including
cursor enable, programmable vertical blanking, program-
‘mable horizontal sync, and programmable ver_tical sync.

The DP8350 Series CRTC provides for a wide_range of
programmability using internal
ROMs: o

- Character Field (both . number of dots/character and
“number of scan lmes/character)

- Characters per Row
- Charac'ter Rows per Video Frame

_including 50/60Hz control,
-character/line rate clock, and character generator pro-

.

The CRTC also provides system sync and program inputs
system clear, external
gram.

The DP8350 Series operates on a single. +5V power
supply. Outputs and inputs are TTL compatible.

Features

. I'nternal crystal controlled dot rate oscillator
* External dot rate clock input v
= Buffered dot rate clock output

. Timing pulses for character generation

mask programmable

® Character memory address outputs (12 bits)

L3 lnternal cursor address reguster ’

. Internal row starting address: register

» Top-of-page address register (for scrolling)

® Programmable horizontal and vertrcal sync outputs

- Programmable cursor enable output

® Programmable vertical blanking output )
® 50/60 Hz refresh rate

- 'Programmable characters/row (5 to 110)

®* Programmable character field size (up to 16 dots x 16
scan line field size) ‘

® Programmable character rows/frame (1 to 64)
= Single +5V power supply
*  Inputs and outputs TTL compatlble

= Ease of system desngn/appllcatlon
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DP8350 Block Diagram
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DP8350 Functional Pin Description

CHARACTER GENERATION/TIMING OUTPUTS

The CRTC provides 11 interface timing outputs for line ,

buffers, character generator ROM, DM8678-type latch/
ROM/shift register combination character generators,
andsystem status timing. All outputs are TTL compatible
and directly interface to popular system circuits,
including: ‘ i :

— DM8678 Series Character Generators

— MM52157, MM52179 Character ROMs

~— DM74166 Dot Shift Regaster

— MK1007P, 33571/2, 2532 80-Bit Shift Registers (Line.
Buffers)

‘Dot Rate Clock: This output is buffered for use in
system synchronization and interface to dot ‘shift
register. Positive edge claock at crystal oscillator frequency.

Load Video Shift Register: Buffered output at character
rate frequency. Used for direct interface to dot shift
-register. This output is active only during video tirrre‘ and
therefore performs both the ‘horizontal and vertical
- ‘blanking functions. Low level actrve

Latch Character Generator Address: Buffered output at’
character rate frequency. Active at all time;. ’_Positive
-‘edge clock.’

Line Buffer Clock: This output drrectly mterfaces to line

buffers. Output operates at character rate. Negative edge
- clock. Not active during horizontal blanking. The
gnumber of clocks per scan line is ‘equivalent to the
~ number of vrdeo characters per row.

Line Rate Clock: Line rate. frequency output for use
“with DM8678- type character generator.

Line Counter Outputs (LCq to LC3): Buffered outputs
at line rate frequency for use with character ROMs
without internal line counter. These outputs are also
useful for system decode of present line position in -
character row. Outputs clock in sync with Line Rate
Clock at start of honzontal b!ankmg Qutputs are always

- active.

Clear Line Counter: Row rate clock — occurs in sync
- with Line Rate Clock during horizontal blanking
between last line of any row and first line of a new row.
This output is always active and is a negative edge clock
— direct interface to the DM8678.

Line Buffer Recirculate Enable: This output ‘interfaces
to a line buffer and becomes inactive (logic ‘0" state)
during the last line or the first line of a character row,
depending on the state of the character generator pro-
gram input. A low level on this output indicates (in line
buffer applications) the time during which the line
buffer is loaded with the next row of character codes.

Table 1. Character Generator Program Truth Table

Recirculate Enable Output
Low Level and New Row
Address at Address Outputs

Character Generator
Program Input

uon
“qe

Last line of character row

First line of character row

" The pulse appears at the start of horizontal blanking
_ prior t0 when the memory address bus must be trans-

ferred to the CRTC, then returns to the high state at the

" next horizontal blanking interval.

MEMORY ADDRESS OUTPUTS/INPUTS AND
REGISTERS ‘

CRT Character Address Outputs (TRI-STATE) — Ap to
A11:, C
counter outputs are provided by the CRTC. These
outputs directly interface to the system RAM memory
gddress bus.

Within a scan line the. counter is pre-set to the address

-contained within the Row Start Register (RSR) three

character times before the‘i} start of video time. The

counter is then advanced sequentially at character rate

to the max video character address plus 1 for the present
scan line. This address is theh held during the horizontal

blanking - interval up to three character times, before

video start for the next scan line. At this pomt the

_counter is agam pre-set to the contents of the RSR and

the above sequence is repeated. This sequence provides
scan line address repetition f_or every scan line of a char-

- acter location within a row. Row-to-row start address«
updating- the

modifications are
contents of the RSR.

accomplished by

During vertical blanking the address counter operation

12 bits of bidirectional CRT character address

is modified by stopping the pre-set load of the contents -

of the RSR into the address counter, thereby allowing

‘the address outputs to free run during vertical blanking.

This allows minimum access time to the CRTC when the

- CRTC . address counter outputs are bemg used for

dynamic RAM refresh.

"' RAM Address:Enable Input: At all times the status of
‘the address counter outputs-is controlled externally by

the Enable Input. LOQIC "“0"” = TRI-STATE, Loglc M=
Active.

Internal Top-of-Page, Row Start, and Curso‘r Registers:
Control pins are provided for loading the top-of-page,
row start, and cursor address into three 12-bit CRTC
registers from the bidirectional memory address pins.

The Top-of-Page Register (TOPR) holds the address of
the first character of the first video row. This register
allows display scroll with the CRTC without the use of
external memory address adders. If the TOPR is not

loaded after a system clear its contents will-be zero and -
the address outputs will be sequential from zero at the

top-of-page. !

The Cursor Register (CR) holds the present address of
the cursor and is cleared to zero after a system clear.
Once the TOPR and CR registers have been loaded they
need not be accessed again until modification of their
contents is required. These registers may be loaded at
any time, but to cause minimum display distortion it is
recommended that they be loaded only during blankmg
intervals.




The Row Start Register (RSR) is the working register
for the CRTC address counter. It determines the first
video character a_ddress on ‘a scan line to scan line basis.

Modification of this register' after the start of video in a
scan line will modify the address counter outputs at the

start of video on the next scan line. (See address output .

“description.) If the RSR is never externally loaded, the
-CRTC address outputs will be sequential on a row-to-
row basis from the TOPR contents at the start of the
video page. With- external loading, row-to-row non-
sequential operation of the CRTC address outputs is
possible, thus row-to-row edit capability. When used in
this mode ‘the' RSR should be loaded after the start of
_video time of the last scan line of the previous row. A

load to the RSR dunng vertical blanking will also load
the TOPR. :

Table 2. Register Load Truth Table

Foseor | ‘Soect | Losd | Resister
A B Input
0o 0 0 " No Select
0 1 0 - Top-of-Page
1 0 0 Row Start*
1. 1 o 0 " Cursor
X x | 1 | Noselect |

*During vertical blaﬁking aload to this register will also load the
top-of-page register.

VIDEO RELATED OUTPUTS

Horizontal Sync: This output provides the necessary
line (scan) rate sync to either three-terminal or composite
“sync monitors. The pulse is programmable in position
and width at character time increments. This output
may also be programmed to have RS-170 compatible
serration pulses during the vertical sync interval. The
active logic state of this output is also programmable.

Vertical Sync: This output provides the necessary frame
rate sync consistent with either three-terminal or com-
posite type monitors. The pulse is programmable in
. position and width at line (scan) time increments. The
active logic state of .this output is also programmable.

" Cursor Enable: When a match with the CRTC cursor
address. register and address counter occurs a pulse will
appear at ‘this -output--at that video character -time
(character field width) for every line in that row. This
output may also be programmed to appear on only one
line of ‘a character row. With the character generator

program -pin in a Idgic 0" position the cursor enable .

output will not be valid on the last line of a character
row for that row. Like the Load Video Shift Register
Output, this ‘output is not active during horizontal or
vertical blanking. High level active output. '

CRT SYSTEM CONTROL FUNCTIONS . ...

50/60 Hz Control Input: This input controls the CRT
system refresh rate. The CRTC may also be programmed
for refresh rates other than 50 and 60 Hz.

50/60Hz

Refresh
Control . Rate
1 | 60 Hz m)
0. 50 Hz (fg)

Vertical Blanking Output: This output becomes active

(logic ""1") at the start of vertical blanking and may be

programmed to stop at the end of any line of the
character row before the start of the first video row.
This output is useful for flag applications to other

"elements in the CRT system. Its active levelis also pro-

grammable.

System Clear Input: This input when low setsykand holds

~the CRTC at the start of vertical blanking for system

sync and test. It also clears to zero the cursor and top-
of-page registers. The input has hysteresis and may be
connected -to a resistor to. VCC and a capacitor to .

" ground to provide power-up system clear.

Character Generator Program Input: This input modifies
both the position of the recirculate enable output low
level and the time at which the address outputs change -

" toa new row address. It is intended to provide optimum
‘use of the CRTC with character generator/ROMs pro-

grammed with or without active video on the first or last
line of a character row. (See Recirculate Enable for truth
table.)

External Character/Line Rate Clock:  This input s
intended to aid testing of the CRTC and is not meant
to be used as an active input in a CRT system. When this

" input is left open itis guaranteed not to interfere wuth

normal operation. ) /(

Crystal Inputs X1 and X2: The oscillator is ‘controlled
by an external, parallel i resonant crystal connected
between the X1 and X2 pins. Normally, a fundamental

~mode crystal isv used to determine the operating fre-

quency of the oscillator;

» however, overtone mode
crystals may be used. )

Crystal Specifications (parallel resonant):

CTYPE. AT-Cut Crystal”
Tolerance. ... . ... .......... 0.005% at 25°C
Stability . . ... e 0.01% from 0°C to +70°C
Resonance. . . ........ Fundamental (parallel)
Maximum Series Resistance. . . . . . Dependent on

frequency
. (for 10.92 MHz, 50 Q2)
Load Capacitance . . . .. e 20pF
Connection Diagram
Tk £ 10%
TO PIN X2 ¥
COPIN(21) : : : 2
CcRystall_] I 30pF
TOPIN X1 s
P‘lN (22) _L e

IEOpF

If the DP8350 series is clocked at dot rate by a system

~clock, "pin 22 (X1 input) should be clocked directly

using a Schottky series circuit. Pin 21 (X2 |nput) may be
left open.




Timing Waveforms
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Figure 1. Dot/Character Réte Timing
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Timing Waveforms (cont'd.)
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Note 1: The Iaad vndeo shlft reglster output is not active during vertical or horrzontal blankmg (remams in the lognc “1" state durmg these

intervals.

‘Note 2: The horizontal sync output start and stop pomt positions are user-programmable at character width intervals,

Note 3: The position of the recirculate enable output logic 0" level is dependent on the state of the character generator program mput (CGPI).

With CGPI =

0,"" recirculate enable occurs on the max line of a charactér row (solid line) and the address counter outputs roll over to the new
row address at paint A. With CGPl = "1, recirculate enable occurs on the first line of a character row (dashed line) and the address counter
outputs roll over to the new row address at point B. .
Note 4: Theaddress counter outputs clock to the address of the last character of a video row plus 1. This address is then held during the horizontal
blanking interval until video minus three character times. At this point the outputs are modified to the contents of the Row Start Register (RSFU
With no external loading of the RSR the contents will be either the character address of the first character in the present row or the character
address of the first character of the next video row (depending on the state of the Character Generator Program input) which will be sequential .
from the last chﬁracter address of the iast row. If the RSR was loaded, then the address outputs will be modified to the contents of the register.

Figure 3. Character/l,iné Rate Functional Diagram )




Timing Waveforms (cont'd.)
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Note 1: One full row before start of vrdeo the hne counter is seg to zero state — this provides hne counter synchromzanon in.cases where the
number of lines in vertical blankmg are not even multiples of the number of lines per row.

Note 2: The stop point of vertical blanking is programmable at line intervals within the last character row before start of vtdeo
Note 3:' The Vertical Sync Output start and stop points are programmable at lme rate mcremen\s

Figure 4. Line/Frame Rate Functional Diagram
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Absolute Maximum Ratings (Note 1) Operating Conditions‘ L

Supply Voltage, Vce ’ 7.0V o ‘ . Min - Max Units
Input Voltage . ‘ -1V to+55V '

Output Voltage . 5.5V Ve, Supply Véltgge 4.75 5.25 \
Storage Temperature Range -65°C to +150°C TA, Ambient Temperature "0 +70 °c
Lead Temperature (soldering, 10 seconds) 300°C - ‘ :

Electrlcal Characterlstlcs Vee =5V £ 6%, Ta = 0°C to +70°C (Notes 2 and 3)

Parameter ' Condmans : Min | Typ Max Units

VIH Logic 1" Input Voltage ) s . 4o .
~ (System Clear) ‘ » o ’ 26 | . v

<

(All Other Inputs Except X1, X2) R 2.0

V'|L ‘ Lognc 0" lnput Voltage R : ,
© (System Clear) ‘ o ‘ o o .08

(Al Other Inputs Exceth1 X2) T - , 0.8

ViH-ViL System‘Cjear Input Hysteresis = o } : B B o X B

<l < | <<

Vdamyp‘z ' Input Clamp \féltage . hiN= —12mA . e I X
: “ | (Al Inputs Except X1, X2, & s AR M -
‘Char/Line Rate Clock)

IH -« Logic “1” Input Current C ; ] o ; ‘
‘ (Address Outputs) Enable:Input=0V, ‘, 10 - , uA
! ) i : | Vec=56.25V,VR=5.25V v .
(All Other InpUts Except X1, X2) | Vcc=5.25V, VR =525V ’ 12 e DA
e | Input Current 3 : o - . , R
‘ (Address Outputs) . Enable Input=0V, - ' -20 V COMA
. ‘ Vee=5.26V,Viy=05V | S :
v (Al Other Inputs Except X1, X2) | Voo =525V, ViN = 05V =20 | uA
VOH Logic 1" Output Voltage oo loH = -100 A o 1 ) 32 1 41 S Y
‘ o e IoH =-1mA : | 28 |33 | v
VoL | Logic “0” Output Voltage loL= 5mA B | o35 h 0.5 Vo
los - | Output Short Circuit Current. | Vee =5V, VOUT oV, o R -40 R - mA
, v B . 1 (Note 4) hey . :
‘ Icc - Power Supply Curreﬁt ' Vec=56.25V v 170 - mA

Note’ 1 Absolute Maximum Ratings'’ are those values beyond which the safety of the dev:ce cannot be guaranteed They are not meant to
imply that the device should be operated at these limits. The table of "‘Electrical Characteristics’ provides conditions for actual devace operation.
Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70°C temperature range and the 4, 75V to 5. 25 V power supply

" range. Al typical values-are for Tp = 25°C.and Voc =5.0V.
Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negatwe all voltages are referenced to -
ground, unless otherwise specified. All values shown as max or min are so classified on absoiute value basis. .

‘Note 4: Only one output at a time should be shorted.




Switching Character_is:tics Vee =50V, Ta =25°C (Notes T and 2) -

Max | Unit

Parameter » , - Conditions Min Typ
D1 Dot Clock to Load Vidéo Shift " :{" C =50pF, R = 1kS, ‘ 5 ns
Register Negative Edge Load Circuit 1 _
tD2 Dot Clock to Load Video Shift CL =50pF, R =1k§2, 1 ns
S Register Positive Edge Load Circuit 1
tD3 Dot Clock to Latch Character . C-=50pF, R =1k, 1 ns
. Generator Positive Edge Load Cirguit 1 -
tpg' Dot Clock to Latch Character CL =80pF," R = 1k, 4 ns
Generator Negative Edge Load Circuit 1
tps Dot Clock to Line Buffer ° CL = 50pF, Ry = 1k, .20 , ns
: Clock Negative Edge Load Circuit 1 ) ‘
tPPW1 Line Buffer Clock Pulse Width . CpL=50pF, R = 1k, N(DT)* ns
: ' ' Load Circuit 1 ) }
tDg Dot Clock to Cursor Enable CL SOpF RL =1kQ, 25 ns
Output Transition Load Circuit 1 :
tp7 Dot Clock to Valid Address CL = 80pF, R = 1k{2, 20 ns
Output Load Circuit 1
tpg Latch Character Generator to CL = 50pF, R = 1k, 300+2DT ns
' Line Rate Clock Transition - Load Circuit 1 ’
tpg Latch Character Generator to CL 50pF, R = 1k, - 400+2DT ns
Clear Line Counter Transition Load Circuit 1 :
tD10 Line Rate Clock to Line - CL = 50pF, R = 1k{2, 180 ns
» Cqunter Output Transition Load Circuit 1
tD11 Line Rate Clock to Line Buffer CL= 50pF, RL =1k, 200 ns
: Recirculate Enable Transition Load Circuit't" *- -
tD12 Line Rate Clock to Vertical CL= B0pF, R = 1k, . 200 ns
‘ Blanking Transition Load Circuit1 - ; ;
tp13 Line Rate Clock to Vertical CL = 50pF, R = 1k§, 200 ns.
Sync Transition - ‘ Load Circuit 1 : ‘
D14 Latch Character Generator to “CL= 50pF RL = 1kQ, 100 ' ns
‘ Horizontal Sync Transition ‘ Load Circuit 1 o
1S Register Select/Memory 100 ns
Address Setup Time Prior to
Register Load Negative Edge
tH) Register Select Memory Hold 0 ns
Time After Register Load
- Positive Edge o
tPW2 Register Load Pulse Width 150 . ns
fMAXdQ@ Maximum Dot Rate Frequency 25 MHz
fMAXchar Maximum Character Rate 25 MHz
. F requency. -
tLZ, tHZ Delay from Eriable Input to CL = 15pF, Load Circuit 2 25 ns
. High Impedance State from o )
- Logic 0" and Logic™1"
tZL, tZH _Delay from Enable Input to CL = 15pF, Load Circuit 2 . 25 ns
. Logic 0" and Logic 1" from. S o
High Impedance State

Note 1: Unless otherwise specified, all AC measurements are referenced to.the 1.5V level of the input to 1.5 V of the output.

10ns, tp < 10ns.
*“DT" is defined as the duration (in ns) of one full cycle of the Dot Rate Clock (Item 20 of the ROM Program Table). *
ber of DTs per definition in item 24 of the ROM Program Table.

Note 2: When external clock inputs are used, the input characteristics are ZoyT = 50 2 and tg <

‘N’" denotes the num-




( DP8350 Series Option»Program Table (Notes 1, 2, and 3)

item Parameter . i Value
No. . )
1 : Dots per Character . .
Character (Font Size)
2 . Scan Lines per Character
3 t ) o Dots per Character
Character Field (Block Size) —
4 : Scan Lines per Character
5 Number of Video Characters per Row
6 | Number of Video Character Rows per Frame :
7 | Number of Video Scan Lines (Item 4 x Item 6)
'8 Frame Refresh Rare (Hz) (two frequencies allowed) ' S ' ' f1= ‘ kfo =
‘9 ' Delay after/before Vertocal Blank start to start of Vertical Sync (+/— Number of Scan Lines) k
10 | Vertical Sync Width (Number of Scan Lmes) ’ o o o _ ' .
1m | Delay after Vertlca_l Blank start to start of Video (Number of Scan Lﬂi'nes)y
12 | Total Scan Lines per Frame (ltem 7 + Item 11 = Item 13  Item 8)
13 Horczonta‘ Scan Frequency (Line Rate) (kHz) Item 8 x Item 12)
14 Number of Character Times per Scan Line o
15 Character Clock Rate (MHz2) Item 13 X ltem 174)
16 Charaeter Time (ns). (1 Item 15)
17| Delay after/before Horizontal Blank start to Honzontal Sync Start. (+/—- Charactef Trmes)
18 : Honzontal Sync Width (Character Times) '
19. rDothrequency (MH2z) (Item 3 x ltem 15) :
20 | Dot Time (ns) (1< Item 19)
21 Vertical Blanking Stop before start of Video! (Number of Scan Lmes)
’ Range Item 4 - 1 line to O lines)
22 Cursor Enable on all Scan Lines of a Row? (Yes or No) If not whlch Lme’
23 Does the. Honzontal Sync Puilse have Serrations 'durmg Vertu:al Sync? (Yes or No) ' )
24 Width of Line Buffer Clock logic ‘0" state within a Character Time
€ (Number of Dot Time increments)
25 Serration Pulse Width, if used (Character Times)
26 | Horizontal Sync Pulse Active state logic level (1 or 0)
27 Vertical Sync Pulse Active state logic level {1 or 0)
28 | Vertical Blanking;Pu!se Active state Icgic level (1 or 0)

Note 1: If the Cursor Enable, Item 22 is active on only one hne of a character row, then ltem 21 must be eother 1 or 0" un!ess itis the same -
as the tine selected for Cursor Enable. .

Note 2: item 24 x item 20 should be > 250 ns.
Note 3: Item 11 must be greaxer than ftem 4 + 1.




DP8350 Senes Optlon Program Table

-DP8350 Option: 80 Characters x 24 Rows, 5 x 7 Character Font, 7 x 10 Character Fneld

I't\‘e m Parameter Value
0.
1 ) Dots per Character 5
Character (Font Size) -
2 ’ Scan Lines per Character 7
3 Dots per Character ' 7
Character Field (Block Size)
4 Scan-Lines per Character 10
5 Number of Video Charvactervs per Row 80
6 Nurr)ber of Video Character Rows per Frame ) 24
7 Number of Video Scan Lines (Item 4 x Item 6) 240
8 Frame Refresh Rate (Hz) (two frequencies allowed) ) ‘ f1=60Hz | fO= 50Hz
9 Delay after/before Vertical Blank start to start of Vertical Sync (+/- Number of Scan Lines) |' 4 30
10 | Vertical Sync Width (Number of Scan Lines) 10 10
11 Delay after Vertical Blank start to start of Video'(Number of ScankLinyes') ' ’ 20 72
12 Total Scan Lines per Frame (ltem 7 + ,ltém 11 = Item 13 + Item 8) _ 260 312
13 Horizontal Scan Frequency (Line Rate) (kHz) Item 8 x Item 12) o R 15.6 kHz
14 Number of Character Times per Scan Line ~’ 100
15 Character Clock Rate (MHz) Item 13 x Item 14) 1.56 MHz
16 | Character Time (ns) (1 + Item.15) 641ns
17 Delay after/before Horizontal Blank start to Horizontal Sync Start (+/- Character Times)_ o 0
18 Horizontal Sync Width (Character Times) 43
19 Dot Frequenéy (MH2) (Item 3 x Item 15) 10.920 MHz ‘
20 Dot Time (ns) (1 + Item 19) 91.6ns
21 Vertical Blanking Stop before start of Video (Number of Scan Lmes) R 1 ‘
{Range = Item 4= 1 line to O lines) . - . :
22 Cursor Enable on all Scan Lines of a Row? (Yes or No) If not, which Line? ‘ o Yes
23 Does the Horizontal Sync Pulse have Serratsons during Vemcal Sync? (Yes or No) . ‘ No .
24 Width of Line Buffer Clock logic ‘0" state within a Character Time o ' 4
: (Number of Dot Time increments) )
26 | Serration Pulse Width, if used {Character Times) -
26 Horizontal Sync Pulse Active state logic level (1 or 0) 1
27 | Vertical Sync Pulse Active state logic level (1 or 0) 0
28 | Vertical Blanking Pulse Active state logic level (1 or 0} 1

FULL/HALF ROW CONTROL (PIN 5)

Device pin 5 converts the DP8350 programmed display
from 80 characters by 24 rows'to 80 characters by 12
rows.

Full/Hait

Row (Pin 5) Display

Logic State 1ze
D 80 by 24
0 80 by 12

L}

With pin 5§ in logic 0" 'state, the 12 character rows are
equally spaced vertically on the CRT. Each row is spaced
by one full row of blanked video.

Also in this mode the address counter outputs address
the same memory space for two rows — the video row
and the blanked row. Thus one half of the CRT memory
‘space is addressed with pin 5 in logic “0" state as
compared to pin 5 in logic 1" state.
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Note 1: If the Cursor Enable, Item 22, is active or orily one line of a character row, then Item .21 must be either 1" or “'0” unless

it is the same’ as the line selected for Cursor Enable :
Note 2: ltem 24 x Item 20 should be >> 250 ns.
- Note 3: Item 11 must be greater than Item 4+1.




