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HD64460

CRT Controller Plus (CRTC")

The CRTC* is a single-chip CRT controller imple-
menting graphic and character display functions
which correspond to the VGA (Video Graphics
Adapter™) for IBM personal computers.

Since the CRTC* combines a video signal generator
using a color palette, the graphics functions of the
IBM-VGA, and control functions for a dynamic
RAM framebuffer intoasinglechip, it provides the
total system control required to implement graphic
and character display with one chip.

Inaddition, the CPU can access the framebuffer up
to four times faster with the CRTC* than with the
IBM-VGA. Graphicscan thereforebe created faster
and CPU wait time is reduced.

In addition to the VGA features, the CRTC" in-
cludesadditional extended features,and italso has
enhanced 6845 modes which correspond to the
IBM-CGA (Color Graphics Adapter™), IBM-MDA
(Monochrome Display Adapter™), or HGA (Her-
cules Graphics Adapter™).

These features enable the design of a multi-func-
tion personal computer graphic system using one
CRTC* chip.

In addition to the VGA functions, the CRTC* sup-
ports many extended functions, including 132-
column text display, frame buffer bank switching,
additional text fonts, monochrome reverse video,
and non-wait display/CPU access (smart access)
for more efficient graphics drawing. These ex-
tended functions greatly simplify support for fu-
ture products.

Notes:

1. IBM-PC,IBM-PS/2, VGA, CGA, and MDA are
registered trademarks of International Busi-
ness Machines Corporation.

2. Hercules Graphics is a registered trademark of
Hercules Computer Technologies Corporation.

Ordering Information

Features

Compatibility

« Hardware-and software-compatible with theIBM-
VGA board

* Software-compatible with the IBM-MDA, IBM-
CGA, and HGA modes*

» Compatible with IBM-EGA at the BIOS level*

*  Functions provided by the CRTC* but
not by the VGA.

*  EGA softwarecanbeused via BIOS (Basic
Input Output System) software.

Display Control Functions

* Both bit-mapped graphics and code refresh sup-
ported

* Variety of resolutions supported:
640 x 480 (VGA), 640 x 200 and 320 x 200 (CGA),
720 x 350 (MDA), 720 x 348 (HGA), 640 x 350
(EGA), and 800 x 600 (extended function)

¢ Dot clock speeds of up to 37 MHz (132<olumn
text display mode)

e 2-partition screen splitting

¢ Programmable underlining, programmable cur-
sordisplay (underlineand cursor control by hard-
ware)

* Flashless vertical smooth scroll, flashless horizon-
tal panning scroll

¢ Interrupt generated at the start of the vertical
retrace period

Type Clock Frequency [MHz] Package
HD64460F28 32.0 FP-136
HD64460F37 37.0
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Graphics Assist Functions

¢ Bit shift and color logic operations on graphics
data in the frame buffer

¢ Programmable bit masking and memory plane
masking

» Copying of graphics using byte-boundary data
in the frame buffer

* Writing of a specified color in the frame buffer

¢ Color data comparison in the frame buffer

Frame Buffer Access

* Direct interface with a 256-kbyte memory using
64k x 4-type dynamic RAM chips
(HM50464 or equivalent)

* Generation of dynamic RAM control signals

(RAS, CAS, WE, OF)

Other Features

* Switching to HD6845 (CRTC) compatible
register configurations (MDA, CGA, and HGA
modes)*

* 132-column text display (7 dots per character)*
(available only in the HD64460F37 version.)

¢ Frame buffer bank switching*

¢ Additional text fonts*

BIOS ROM bank switching*

¢ BIOS signal output masking*

* Three-state control of video pins*

* Monochrome reverse video (in MDA and HGA
modes)*

* Port input*

* Functions provided by the CRTC* but not by

¢ Generation of dynamic RAM refresh addresses the VGA.
* Improved efficiency in CPU graphics drawing
access through non-wait display /CPU access
(smart access)
Pin Arrangement
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Note: Connect (NC) [pin 39} to Vce or ground
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Pin Description

Power

Signal  Pin No. Input/Output Function

Vce 22, 46, 53, 89, 114, 120 _ Power supply for the CRTC*:
5V 5%

Vss 14, 25, 29, 40, 43, 44, 51,57, 63, 74, Ground for the CRTC*

81, 84, 93, 96, 108, 111, 118, 122, 128

Note: Connect all 25 Vcc and Vss power pins of the CRTC* to the power supply or ground. Connect
a bypass capacitor across Ve and Vss as close to the pins as possible, as a noise killer.

CPU Interface

Signal Pin No. Input/Output Function

A /MCS 135 | A, /MCS is used to input the A address signal or
the MCS signal derived from a hlgher address decoder
when the frame buffer is acessed. A °/MCS is
switched to A, when bit 3 of extended reglster 2is0,
and to MCS when bit 3 of extended register 2 is 1.

A A, 136,1-13, | A, ,-A, are the address input signals from the system
15-19 bus Address information input to these pins is used to
access the frame buffer, BIOS ROM, color palette,
and internal registers.

D,-D, 31-38 o D,-D, are used to transfer data between the CPU
system and the CRTC*. The frame buffer and CRTC*
registers can be accessed through these lines.

10CS 121 | IOCS saelects the /O address mapping function of the
CRTC*. If IOCS is high when reset input is negated,
the A, .-A, lines are used for accessing the /O ad-
dress. K is low when reset is negated, I0CS
functions as /O chip select after the reset. In this case,
VO addresses can be mapped to the area specified by
the IOCS in place of the A ,-A, lines.

DIR 123 0] DIR indicates the data transfer direction on the system
bus. Data is transferred from the system bus to the
CRTC* when DIR is high, and is transferred from the
CRTC* to the system bus when DIR is low.

M/I0 127 ! M/I0 switches between 1/O access and frame buffer

(OR) access in the micro channel bus mode. High indicates
frame buffer access; low indicates /0 access. IOR
controls reading of the CRTC* registers (/O read
command) in the O channel bus mode.
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Signal

Pin No.

Input/Output

Function

SO __
(IOW)

129

S0 indicates access status 0 when the micro channel
bus mode is used:

S1 Status

gl

WIO

Reserved A
/O write

/O read
Reserved B
Reserved C
Memory write
Memory read
Reserved D

4 aasaua0000
~—0—20-0=0

0: Low level 1: High level

IOW controls writing to the CRTC* registers in the /O
channel bus mode.

131

51 indicates access status 1 in the micro channel bus
mode (see description of S0).

MEMR controls the reading of frame buffer data and
BIOS ROM in the 1/O channel bus mode.

132

CMD indicates that valid data is present on the

data bus (D,-D,) in the micro channel bus mode.
MEMW controls the writing of frame buffer data in the
YO channel bus mode.

(AEN)

126

ADL is the latch command for address signals on the
address bus (A,,-A,) in the micro channel bus mode.
When AEN is asserted in the VO channel bus mode, /O
access to the CRTC* is ignored in the I/O channel bus
mode. AEN assertion indicates that DMA transfer is
being performed on the system bus.

SLEEP
(DACKO)

130

SLEEP disables both /O access and memory access in
the micro channel bus mode.

DACKO inhibits the system from accessing the frame
buffer in IO channel bus mode.

SFDBKN

125

SFDBKN indicates that either an I/O address or memory
address mapped by the CRTC* has ben accessed in the
micro channel bus mode.

SFDBKN must be left disconnected in I/O channel bus
mode.

CDCHRDY 27

CDCHRDY indicates the data transfer completion/wait
status between the system and the CRTC*. The

CRTC* performs the CPU wait control by driving the
CDCHRDY pin low when the CPU attempped to access
the frame buffer during the CRTC* display access.

126
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Signal Pin No. Input/Output Function

CDCHRDY 27 (o] The CRTC* performs the CPU wait control against the /O
access when the IORDYEN pin is high. The wait control
function for IO access can be disabled by driving the
IORDYEN pin low when the CPU does not need high-
speed operation.

IRQ 28 IRQ is an interrupt request to the system.

BIOS 124 (o] BIOS output is used to access the BIOS ROM in the

I/O channel bus mode (M/AT pin = low). BIOS
output is kept to be High in the micro channel bus
mode.

Operation Mode Interface

Signal Pin No. Input/Output

Function

RESET 134 |

RESET initializes the internal status of the CRTC*.

25M 24 |

25M is the input pin for a 25.175-MHz clock source.
25M is used to display a horizontal 640-dot screen.

28M 23 |

28M is the input pin for a 28.322-MHz clock source.
28M is used to display a horizontal 720-dot screen.

EXT1 21 |

An external clock other than 25 MHz, 28 MHz, and
EXT2 can be input to EXT1. The EXT1 clock is
selected when the CRTC* is in external clock
mode1, and also in the CGA mode.

EXT2 20 !

An external clock other than 25 MHz, 28 MHz, and
EXT1 can be input to EXT2. The EXT2 clock is
selected when the CRTC+ is in external clock mode2,
and also in the MDA or HGA mode.

M/AT 133 |

M/AT selects either the micro channel bus mode or VO
channel bus mode. High selects the micro channel bus
mode; low selects the /O channel bus mode.

IORDYEN 26 |

IORDYEN determines whether wait control for CPU
access is enabled or disabled when I/O access is
performed. When IORDYEN is low, COCHRDY stays
in the high inpedance state. When JORDYEN is high,
CDCHRDY goes low (not ready) in order to make the
system wait.

SWITCH 95 |

Input to SWITCH sets bit 4 in the input status register 0.
Normally, SWITCH is used to indicate either monochrome
or color monitor.

PORTO,
PORT1

64, 30 |

Inputs to port0 and port1 set bits 0 and 1 in the port
register (POT).
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Signal

PinNo.

Input/Output

Function

TEST

41

TEST is used for chip testing. The TEST pin must
always be low.

Frame Buffer Interface

Signal Pin No. input/Output Function

RAS02 56 0 RASO02 outputs the row address strobe to memory
planes 0 and 2.

RAS13 55 O RAS13 outputs the row address strobe to memory
planes 1 and 3.

CAS02 54 (0] CASO02 outputs the column address strobe to memory
planes 0 and 2.

CAS13 52 (o] CAS13 outputs the column address strobe to memory
planes 1 and 3.

OE02 45 (0] OEO02 outputs the read enable signal to memory planes
0and 2.

OE13 42 (o) OE13 outputs the read enable signal to memory planes
1and 3.

WEO-WE3 50-47 O WEO-WES3 output write enable signals to memory planes
0-3, respectively.

MO1AQ - 119, (o] MO1A0-MO1A7 provide row and column addresses to

MO1A7 117-115, memory planes 0 and 1 in a time-sharing manner.

113, 112,
110, 109

M23A0 - 107-103 O M23A0-M23A4 provide the 5 low-order bits of row and

M23A4 column addresses to memory planes 2 and 3 in a time-
sharing manner.

M2AS5 - 102-100 (0] M2A5-M2A7 provide the 3 high-order bits of row and
M2A7 column addresses to memory plane 2 in a time-sharing
manner.

M3AS - 99-97 O M3A5-M3A7 provide the 3 high-order bits of row and
M3A7 column addresses to memory plane 3 in a time-sharing
manner.

MO01DO - 94,92-90 IO M01D0-M01D7 transfer display data between memory
M01D7 88-85 planes 0 and 1 in a time-sharing manner.
M23Do - 83, 82, {l{e] M23D0-M23D7 transfer display data between memory
M23D7 80-75 planes 2 and 3 in a time-sharing manner.
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Video Interface

Signal Pin No. Input/Output Function

P7-PO 66-73 (o] P7-PO output video signals. These are TTL-level outputs.

DACIOR 62 DACIOR controls reading of the external color palette
DAC.

DACIOW 61 (o) DACIOW controls writing to the external color palette
DAC.

PCLK 65 0 PCLK provides the dot clock to the external color palette
DAC.

BLANK 60 (o] BLANK provides the blanking signal to the external color
palette DAC.

HSYNC 59 (o] HSYNC provides the horizontal synchronization timing
signal required by the CRT display. The polality of HSYNC
is programmable in the VGA mode, and always active-high
in the other modes.

VSYNC 58 o] VSYNC provides the vertical synchronization timing

signal required by the CRT display. The polality of VSYNC
is programmable in the VGA mode, and active-high in the
CGA mode, and active-low in the other modes.

Internal Block Diagram

Figure 1 is the CRTC + internal block diagram.

System bus interface

CRT control
section

HULL

Graphics conlrol
seclion

Sequencer control

l

seclion

I

Multiplexer :D
L
s
T
k3
£
]
£
> 3
]
€
o
[
Q@
o9
Attribute 8
control 5 g
section =

Figure 1 Internal Structure of the CRTC"
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CRT Control Section: generates CRT control tim-
ing signals, framebufferaddresses, rasteraddresses,
and refresh addresses. It also controls cursor and
underline output.

Graphics Control Section: performs logic opera-
tions on graphics data, bit rotation and bit masking,
memory plane masking, and other functions to
support the CPU in creating graphics in the frame
buffer. (CRTC* does not support these functions in
MDA, CGA, and HGA modes)

Sequencer Control Section: controls the timing of
access to the frame buffer.

Attribute Control Section: controls the color pal-
ette, horizontal panning scroll, and other video
functions.

Multiplexer: multiplexes the CPU address (the
frame buffer address received from the CPU) and
the frame buffer address generated by the CRT
control section in the CRTC*.

System bus Interface: controls the interface with
the system bus. The interface is easy to set up
because it is compatible with both the I/O channel
bus of the IBM-PC and the micro channel bus of the
IBM-PS/2.

Frame Buffer Interface: direct interface to eight 64k
x 4-type dynamic RAM (HM50464 or equivalent)
chips.

Video Interface: outputs a TTL-level video signal
and an external color palette control signal.

System Configuration

Figure 2 shows the configuration of a VGA system
using the CRTC*. The CPU interface is compatible
withboththel/Ochannel busofthe IBM-PCand the
micro channel bus of the IBM-PS/2 and has an eight-
bit data width, so there should be no interfacing
problems. The bus type selection is made with the
M/AT pin.

The frame buffer interface can directly control eight
64k x 4-type dynamic RAM (HM50464) chips, so a
256-kbyte frame buffer can be interfaced without
going through an external circuit. The frame buffer
consists of four memory planes (numbered Oto 3), so
the CPU can write 32 bits to the frame buffer at a
time.

Use of the CRTC* enables the parts countona VGA
graphics board to be greatly reduced.

IBM-PC
10 channel bus BIOS
IBM-PS2 ROM Frame buffer
micro channel bus
7/ \
& D
ﬁ 5
2 CRTC +
(5]
p=]
@
] Color CRT monitor
0sC — palette (analog)
(Oscillator DAC
module) 00O
\V4 .
o CRT monitor
E (digital)
00O

Figure 2 System Configuration
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VGA-Mode Register Configuration (1) General Control Registers

The general control registers of the VGA mode
can be accessed directly by I/O port addresses.

Table 1 General Control Registers

\ Data Bits
Port* Index | Register
Register Name R'W
Address | Address No. 7lelslalal2]1]o0
. . 7
3C2 (3CC)} —- ORO | Output operation register | R'W
% %
3XA(3CA)| — OR1 |Feature control register RW 7
(3CA) g / / 7,
3C2 —_ OR2 |Input status register 0 R %
3XA —_— OR3 |Input status register 1 R //
3C3 — OR4 |Chip enable register RW / W zZ //

** X is B in monochrome mode and D in color ** The Chip enable register (OR4) is available
mode. The addresses in parentheses are read only in the micro channel bus mode.
addresses.

*2 The shaded data bits are always read as 0, re-
gardless of what value is written in them,
except that bit 2 of OR3 is read as 1.

(2) CRT Control Registers
Table 2 CRT Control Registers
Data Bits
Port | Index |Register| Register Name RW
Address | Address| No. 7le6isilal3({2]1l0
%
3X4 - CRA | CRT address RW é
3X5 00 CRO | Horizontal total character§ R/W
3X5 01 CR1 | Horizontal displayed RW
characters
3X5 02 CR2 | Horizontal blanking start | R'W
position
3X5 03 CR3 | Horizontal blanking stop | R'W
position
@ HITACHI

Hitachi America, Ltd. e Hitachi Plaza » 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819  (415) 583-8300 131



HD64460

Table 2 CRT Control Registers (cont)

Port"' | index |Register Data Bits
Address |[Address | No. Register Name W
7/6|514 13 (211

3X5 04 CR4 | Horizontal sync pulse RW

start position
3X5 05 CR5 | Horizontal sync pulse RW

stop position
3X5 06 CR6 | Vertical total rasters RW
3X5 07 CR7 |MSB RW

V
3X5 08 CR8 | First raster address RW /
3X5 09 CR9 | Maximum raster address | R'W
%

3Xs 0A CR10 | Cursor start raster RW /
3xXs 0B CR11 | Cursor end raster RW
3X5 oC CR12 | Start address (H) RW
3X5 oD CR13 {Start address (L) RW
3X5 OE CR14 | Cursor (H) RW
3X5 OF CR15 |Cursor (L) RW
3X5 10 CR16 |Vertical sync pulse start | RW

position
3Xs5 11 CR17 |Vertical sync pulse stop | RW

position
3X5 12 CR18 | Vertical displayed rasters | RW
3X5 13 CR19 |Memory width RW

7,

3X5 14 CR20 |Underline RW 2
3X5 15 CR21 |Vertical blanking start RW

position
3Xs 16 CR22 | Vertical blanking stop RW

position

7

3X5 17 CR23 | CRTC mode control RW
3X5 18 CR24 |Screen split postion RW

**  Xis B in monochrome mode and D in color mode.
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(3) Graphics Control Registers

Table 3 Graphics Control Registers

Port Index {Register Data Bits

Address |Address | No. Register Name RW
7(/6|5;4|3{2 (1|0

3CE —_ GRA | Graphics address RW / 2%

3CF 00 GRO |Set/reset RW %/ / /

3CF 01 GR1 |Enable set/reset RW 2 /7

3CF 02 GR2 | Color compare RW % % // //

3CF 03 GR3 |Data rotate RW // /

3CF 04 GR4 |Read plane select RW // /7 / 7

3CF 05 GRS | Graphic mode control RW

acF 06 | GR6 [Graphics rRwW/ 47

3CF 07 GR7 {Color compare enable RW // V/

3CF 08 GR8 |Bit mask RW

3CF 09 GR9'! | Processor latch 0 R

3CF 0A GR10™ {Processor latch 1 R

3CF 08 GR11"" [ Processor latch 2 R

3CF oC GR12™" |Processor latch 3 R

"' The processor latch 0-3 are the extended registers of CRTC*.
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(4) Sequencer Control Registers

Table 4 Sequencer Control Registers

Data Bits
Port Index {Register
Address | Address| No. Register Name RW
5413 (2 0
3C4 —_ SRA | Sequencer address RW / /
3cs 00 | SRo |Reset RW ’ 77
3Cs 01 SR1 [ Clock mode RW
3Cs 02 SR2 | Mem la ask RW
emory plane m 4%
3C5 03 SR3 [ Character font select RW
3C5 04 SR4 | Memory mode RW % // //
(5) Attribute Control Registers
Table 5 Attribute Control Registers
Port Index | Register Data Bits
Address |Address| No. Register Name RW
5§14 |3 (2 0
3C0 J— ARA | Attribute address RW
3C0(3C1)| 00-0F |ARO-AR1S| Palette RW
3C0(3CH) 10 AR16 | Attribute mode control RW
3C0(3C1) 11 AR17 | Border color RW
3C0(3C1) 12 AR18 | Color plane enable RW
3C0(3C1) 13 AR19 | Horizontal panning RW
I
scro % %
3C0(3C1) 14 AR20 [ Color select RWwW A/
Note: The addresses in parentheses are read addresses.
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(6) Extended Registers are internal registers of the CRT control section,
and are each accessed by an index address placed

in the CRT add i CRA).
The extended registers listed in table 6 support the in the CRT address register (CRA)

extended functions of the CRTC*. These registers

Table 6 Extended Registers

. Data Bits
Address| Adress| | No. | RedisterName | W
76|54 (3(2|1}0
3X5 FD EMO | Extended register 1 RW
3X5 FE EM1 Extended register 2 RW //
3X5 FC POT |Port register RW W/V ///% /A‘V /

*: Xis B in monochrome mode and D in color mode.

(7) External Palette DAC Control External Palette DAC Control Registers, for details
of the register functions.

External palette DAC control is provided at the
port addresses listed in table 7.

Table 7 External Palette DAC Control Registers

Port Address'’ Register No. Register Name RW
3C8 DCWA DAC write address™ RW
3c7 DCRA DAC read address™ w
3C7 DCo DAC status™ R
3C9 DC1 DAC data™ RW
3C6 DC2 DAC pel mask’! RW

"t DAC write address registers, the DAC read address register, DAC data registers, and DAC
pel mask register are located in the external palette DAC. The CRTC* outputs the DACIOR,
DACIOW control signals by decoding the port address given above.

‘2 The DAC status register is located in the CRTC*.
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6845-Mode Register Configuration used in all three modes: MDA, HGA, and CGA.
Although they are not listed in the table, the
(1) 6845-Mode Registers extended registers are also accessed by specifying
an index address in the CRT address register, as in
Table 8 lists the 6845-mode registers, which are the VGA mode.
Table 8 6845-Mode Registers (Used in CGA, MDA, and HGA Modes)
Data Bits
Port Index |[Register
Address |Address | No. Reglster Name RW
7,6{514[3|2;11}0
3X4 — CRA |CRT address register RW Z
3xXs 00 CRO {Horizontal total RW
characters register
3Xs 01 CR1 [Horizontal displayed RW
characters register
3X5 02 CR62 [Horizontal sync positon | RW
register
3Xs 03 CR63 |Sync pulse width register | RW
3X5 04 CR64 |Vertical total characters | RW
register
3X5 05 CR65 |Total raster adjust register| R'W / /
7,
3X5 06 CR66 |Vertical displayed RW
characters register
3X5 07 CR67 |{Vertical sync position RW
register
3X5 08 CR68 |Skew register RW /
3X5 09 CR9 [Maximum raster address | R'W /
register
3X5 0A CR10 [Cursor start raster RW
address
3X5 0B CR11 [Cursor end raster address| RW /
3X5 oC CR12 [Start address register RW
(H)
3X5 oD CR13 [Start address register RW
L
3X5 OE CR14 [Cursor register (H) RW
3X5 OF CR15 |Cursor register (L) RW
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‘' Xis [B]in the MDA and HGA modes and [D] in ** The CRTC* does not support cursor blinking.

the CGA mode. 4 In the CRTC, the start address register and
2 The CRTC* supports only the noninterlaced cursor address register are 16-bit registers.
mode.
(2) MDA- and HGA-Compatible Registers provided to make the 6845 modes of the CRTC*

compatible with MDA and HGA.
The MDA- and HGA compatible registers are

Table 9 MDA- and HGA-Compatible Registers

Port | Index [Register Data Bits
Address |Address | No. Register Name RW
7 6543 (2(11|0
%
MDA 7 / %
3B8 — | MHO [Mode control RW i,
register HGA / /
A 7
MDA %
3BA _— MH1 | CRT status R ,//
register HGA
.
3BF* - MH2 | Hercules configuration RW 7 /
register / % 7
* The Hercules configuration register [38F] is used only in the HGA mode.
(3) CGA-Compatible Registers make the 6845 modes of the CRTC* compatible
with CGA.
The CGA-compatible registers are provided to
Table 10 CGA-Compatible Registers
Port Index |Register Data Bits
Address |Address | No. Register Name RW
7,654 |3 (2|10
3D8 —_ CGO | Mode control register RW
3D9 —_— CG1 | Color select register RW §
3DA — CG2 |CRT status register R \ \
(4) Extended Registers as well as the VGA mode. These registers have
the same functions in the 6845 modes as in the
VGA mode.

Extended registers 1 and 2 (EM0 and EM1) and
the port register (POT) are used in the 6845 modes
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Absolute Maximum Ratings
Table 11 Absolute Maximum Ratings

ltem Symbol Rating Unit
Supply voltage Voo -0.310 +6.7 \
input voltage v, -0.3t0 (V.. +0.3) v
Aliowable output current by, 12 5 mA
Total allowable output current I 2, [ 200 mA
Operating temperature Top' 0to +70 'C
Storage temperature T -55 to +125 'C

stg

' This value is referenced to V=0 V.

2 Allowable output current is the maximum current that may be drawn from or sunk into one output
pin or one input/output pin.

*  Total allowable output current is the total sum of the currents that may be drawn from or sunk into
all the output and input/output pins.

Notes 1. Using this chip beyond its maximum ratings may degrade its reliability or permanently
destroy it. Use this chip under the conditions recommended in Recommended Operat-
ing Conditions.

2. Unused input pins should be pulled up.

Recommended Operating Conditions

Table 12 Recommended Operating Conditions

item Symbol Min Typ Max Unit
Supply voltage Vee! 475 5.0 5.25 \
Low input level Vi 0 - 0.7 \
High input level /N 2.2 - Vee \
Reset low input level ViR 0 - 0.5 v
Reset high input level Viur" 25 - Vee v
Operating temperature T 0 25 70 c’

opr

* This value is referenced to V= O V.

8 Timing measurements

*  The timing measurement point for low output levels in these specifications is defined to be 0.8 V.
* Thelow output level for stable conditions (DC characteristics) is defined to be 0.5 V.

* The high output level is defined tobe V.. - 2.0 V.
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DC Characteristics

Table 13 DC Characteristics

(Voo =5.0 V5%, Vg = 0V, Ta=0to 70°C, unless otherwise noted)

Item Symbol Min Max Unit Test Conditions
Input high level (except RESET) Vi 22 Vee Vv
Input low level (except RESET) Vi -0.3 0.7 \
Reset input high level Viur 25 Vee v
Reset input low level \' -0.3 0.5 \

Input leakage current [ -2.5 +2.5 HA V,=0-V.

Three-state input current ks -10 +10 HA V,=04-V.
Output high level Vou 35 - v lon = -350 pA
Output low level Voo - 0.5 v I = 2.2 mA"
- 05% Vv lo, = 1.6 MA™2
Input capacity C. - 15 pF V,=0V, T, =25C,
f=1MHz
Current consumption lee - 280 mA t = 32 MHz

CDCHRDY, IRQ, and SFDBKN pins

Other pins

The AC timing measurement point for output low levels is defined to be 0.8 V.

The AC timing measurement point for output high level is defined to be V.. - 2.0 V.

R
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AC Characteristics

@

Table 14 Clock Timing

Clock Timing

(Vec = 5.0 V £5%, Vss = 0 V, Ta = 0 to 70°C, unless otherwise noted)

F28

No. Item Symbol  Min Max Min Max Unit Reference
1 Operating frequency f. 5 32 5 37 MHz Figure 3

2  Clock cycle T. 31 200 27 200 ns

3 Clock high pulse width ten 13 - 11 - ns

4 Clock low pulse width te, 13 - 11 - ns

5  Clock rise time ter - 6 - 5 ns

6 Clock fall time t - 6 - 5 ns

(2) CPU Read/Write Cycle Timing

Table 15 (1) to (3) gives the CPU read /write cycle timing for I/O channel bus mode.

Table 15 (1) CPU Read/Write Cycle Timing (I/O Channel Bus Mode)

F28

No. Item Symbol  Min Max Min Max  Unit Reference
11 1OR low pulse width tRw 3M, - M, - Cycles™ Figure 4 (a),
12 IOR high pulse width Lanw 2M, - 2M, - Cycles™ Figure 4 (b)
13 10OW low pulse width L 3M, - 3M, - Cycles™
14 IOW high pulse width Ywniw 2™, - 2™, - Cycles™
15 IOR input inhibit time b M, - 2M, - Cycles™
16 IOW input inhibit time Y 2M, - 2M, - Cycles™
17 Address setup time tasim 0 - 0 - ns

(from IOR)
18 Address hold time tamin 10 - 10 - ns

(from IOR)
"1 M.: Clock cycle on the 28M pin
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Table 15 (1) CPU Read/Write Cycle Timing (/O Channel Bus Mode) (cont)

F28 F37

No. Item Symbol Min Max Min Max Unit Reference
19 Address setup time tesiw 0 - 0 - ns

(from IOW)
20 Address hold time Yw 10 - 10 - ns

(from IOW)
21 QOread data accesstime t_,. - 70 - 70 ns
22 |/O read data hold time tirow 5 - 5 - ns
23 VOread dataturnoff time 1 1., - 35 - 35 ns
24 VO write datasetuptime 1 1, 0 - 0 - ns
25 /O write data hold time 1 twoHs 0 - 0 - ns
31 /O read data setup time tros 1M, - 1M, - Cycles™ Figure 4 (b)
36 CDCHRDY low delay taoiR 0 70 0 70 ns

(from 10R)
37 CDCHRDY low delay teow 0 70 0 70 ns

{from IOW)

Table 15(2) CPU Read/Write Cycle Timing (I/O Channel Bus Mode)

F28 F37
No. ltem Symbol  Min Max Min Max Unit Reference
41  MEMR low pulse width Figure 5
Text, graphics tuRiw 10T, - 10T, - Cycles™
132-column mode toAiw 12T, - 12T, - Cycles™
42 MEMR high pulse turnw 2M, - 2M, - Cyclas™
width
43 MEMW low pulse width
Text, graphics tawiw 10T, - 10T, - Cycles
132-column mode tawLw 12T, - 127, - Cycles
44 MEMMW high pulse tawnw 2M, - 2M, - Cycles™
width
‘1 M,: Clock cycle on the 28M pin
*2 T,: Clock cycle used as pixel clock
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Table 15 (2) CPU Read/Write Cycle Timing (VO Channel Bus Mode) {cont)

F28 F37

No. Item Symbol Min Max Min Max Unit Reference

45 MEMR input inhibit i 2M, - 2M, - ns’
time

46 MEMW input inhibit Yawin 2M, - 2M, - ns™!
time

47 MEMR hold time YR 0 - 0 - ns
(from CDCHRDY)

48 MEMW hold time tawh 0 - 0 - ns
(from CDCHRDY)

49 Address hold time tanrD 0 - 0 - ns
(from CDCHRDY)

50 Address hold time R 10 - 10 - ns
(from MEMR)

51 Address hold time Larmw 10 - 10 - ns
(from MEMW)

52 Address setup time tasmr 0 - 0 - ns
{from MEMR)

53 Address setup time tasmw 0 - 0 - ns
(from MEMW)

54 Memory read data turos 1T, - 1T, - Cycles  Figure 5
setup time

55 Memory read data turow 5 - 5 - ns
hold time

56 Memory read data turor - 35 - 35 ns
turnoff time

57 Memory write data tuwos o] - 0 - ns
setup time

58 Memory write data tuwon 0 - 0 - ns
hold time

59 CDCHRDY low delay taomR 0 70 0 70 ns
(from MEMR)

60 CDCHRDY low delay tromw 0 70 0 70 ns
(from MEMW)

"1 M_: Clock cycle on the 28M pin
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Table 15 (3) CPU Read/Write Cycle Timing (/O Channel Bus Mode)

F28 F37

No. item Symbol  Min Max Min Max  Unit Reference

61 CDCHRDY iow pulse
width

Memory access thoiw 10T, - 10T, - Cycles™
I/O or BIOS access teoww 2M, - 2M, - Cycles™

62 CDCHRDY high hold taomn 0 - 0 - ns
time

71 AEN setup time tesa 20 - 20 - ns Figure 6
(from IOR)

72 AEN setup time tesw 20 - 20 - ns
(from IOW)

73 AEN hold time | A 5 - 5 - ns
(from IOR)

74 AEN hold time taenw 5 - 5 - ns
(from IOW)

75 DACKO setup time toxsr 20 - 20 - ns
(from MEMR)

76 DACKOD setup time tosw 20 - 20 - ns
(from MEMW)

77 DACKO hold time toxmn 5 - 5 - ns
(from MEMR)

78 DACKQ hold time toxnw 5 - 5 - ns
(from MEMW)

79 BIOS delay tasmn 0 50 0 50 ns
{from MEMR)

80 DIR delay toriM 0 55 0 55 ns
(from IOR and MEMR)

*1 M.: Clock cycle on the 28M pin

‘2 T,: Clock cycle used as pixel clock
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Table 16 gives the CPU read /write cycle timing for micro channel bus mode.

Table 16 CPU Read/Write Cycle Timing (Micro Channel Bus Mode)

F37
No. ltem Symbol  Min Max Min Max Unit Reference
91 Address setup time Lasst 5 - 5 - ns Figure 7
(from S0 or S1)
92 Status setup time tsscm 50 - 50 - ns
(from CMD)
99 Address hold time tancm 25 - 25 - ns
(from CMD)
100 Status hold time tsrhe 25 - 25 - ns
(from CMD)
101 SFDBKN delay Ysro0 - 50 - 50 ns
102 Address setup time tascm 80 - 80 - ns
(from CMD)
103 CMD low pulse width tomw 90 - 90 - ns
104 Write data setup time tuosc 0 - 0 - ns Figure 7
105 Write data hold time twone 25 - 25 - ns
106 Read data access time tacsT - 100 - 100 ns
(from SO or S1)
107 Read data access time ticem - 45 - 45 ns
(from CMD)
108 Read data access time | - 45 - 45 ns
(from CDCHRDY)
109 Read data hold time teonc 0 - 0 - ns
(from CMD)
110 CMD input inhibit e 180 - 180 - ns
time 1
111 CMD input inhibit teima 1.5M, - 1.5M, - Cycles™
time 2
113 Status input inhibit time tonm 35 - 35 - ns
114 CMD negate time toune - 5 - 5 ns
(to next SO or S1)
BAHITACH)
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Table 16 CPU Read/Write Cycle Timing (Micro Channel Bus Mode) (cont)

F28 F37
No. Item Symbol Min Max Min Max Unit Reference
115 CDCHRDY low delay taoan - 60 - 60 ns
(from address)
116 CDCHRDY low delay tooso 0 30 0 30 ns
(from SO or S1)
117 Read data turnoff time teoTe - 35 - 35 ns
123 DIR delay (from CMD) torcw 0 35 0 35 ns Figure 7
124 SLEEP setup time tsis 5 - 5 - ns
125 SLEEP hold time tsim 10 - 10 - ns
(3) IRQ and RESET Timing
Table 17 IRQ and RESET Timing
F28 F37
No. ltem Symbol  Min Max Min Max Unit Reference
131 IRQ delay 1 t.a01 - 80 - 70 ns Figure 8
(Hi-Z to low)
132 IRQ delay 2 too2 - 80 - 70 ns
(low to high)
133 RESET pulse width tasTw 10T, - 10T, - Cycles
134 RESET rise time tasTh - 100 - 100 ns
135 RESET fall time tasTe - 100 - 100 ns
*1 M,: Clock cycle on the 28M pin
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(4) Frame Buffer Memory Interface Timing

Table 18 (1) Frame Buffer Memory Interface Timing

F28 F37
No. Item Symbol Min Max Min Max Unit Reference
141 RAS delay teo 10 80 10 65 ns Figure 9 (a),
142 RAS Text, graphics basiw (4T,-10)(4T4+10) (4T,-10)(4T_+10) ns Figure 9 (b)
ow (CPU)
pulse
width Graphics (display) (4T-10) (125T +10) (4T_-10)(125T +10)
"1 25M, 28M
Graphics (display)
EXT1, EXT2 (4T.-10)(253T4+10) (4T,-10)(253T,+10)
132-column (CPU) (5T¢-10)(5T+10) (ST-10)(5T.+10)
132-column (display) (6T-10)(125T_+10) (5T,-10)(125T_+10)
25M, 28M
132-column (display) (5T-10)(253T+10) (5T,-10)(253T,+10)
EXT1, EXT2
143 RAS Text, graphics tsiw (3T,-10)(3T_+10) (3T-10)(3T_+10) ns
high
pulse 132-column (4T_-10)(4T+10) (4T_-10)(4T,+10)
width
144 CAS delay o (2T,-10)(2T,+10) (2T_-10)(2T,+10) ns
145 CAS Text, graphics tosiw (3T,-10)(3T,+10) (3T,-10)(3T+10) ns
low
pulse 132-column (4T -10)(4T_+10) (4T,-10)(4T_+10)
width
146 CAS Text, graphics T (4T -10)(4T_+10) (4T -10)(4T_+10) ns
high
pulse_Graphics (display) (2T .-10)(2T_+10) (2T .-10)(2T . +10)
width_132-column (CPU) (5T_-10)(5T_+10) (5T.-10)(5T.+10)
132-column (display) (3T.-10)(3T_+10) (3T-10)(3T_+10)

*1: Page mode access is used for graphics display and 132-column text display. tas.w differs accord-
ing to the master clock selection (specified in the output operation register).
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Table 18 (2) Frame Buffer Memory Interface Timing

F28 F37
No. ltem Symbol Min Max Min Max Unit Reference
151 Row address setup taas 0 - (] - ns Figure 9 (a),
time
152 Row address hold time tean 12T.-5 - 1/2T -5 - ns Figure 9 (b)
153 Column address setup teas 0 - 0 - ns
time
154 Column address hold toan T.~10 - T-10 - ns
time
155 RAM read data setup S 10 - 10 - ns
time
156 RAM read data hold taan 5 - 5 - ns
time
157 OE delay toeo (tap-10){tap+10) (1 10)(tao+10)" 1S
158 OE  Text, graphics toew (2T,-10)(2T_+10) (2T.-10)(2T +10) ns
low —————————
pulse 132-column (3T,-10)(3T.+10) (3T.-10)(3T +10)
width
159 RAM write data setup taws 0 - 0 - ns
time
160 RAM write data hold town (1.6T,-10) - (1.5T.5) - ns
time
161 WE delay tweo (tap-10)(tap+10) (tap-10)(teo+10)"  ns
162 WE  Text, graphics tyew (2T,-10)(2T_+10) (2T,-10)(2T+10) ns
low
pulse 132-column (3T,-10)(3T.+10) (3T_.-10)(3T.+10)
width
"1 1y, No. 141 RAS delay time.
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(5 Video Interface Timing

Table19 Video Interface Timing

F28 F37

No. item Symbol  Min Max Min Max Unit  Reference
171 DACIOR delay Lan - 55 - 55 ns Figure 10 (a),

(from IOR) Figure 10 (b)
172 DACIOR delay torcm - 45 - 45 ns

(from CMD)
173 DACIOW delay towiw - 55 - 55 ns

(from IOW)
174 DACIOW delay towsT - 45 - 45 ns

(from SO or S1)
175 DACIOW low pulse bwe  IMc-100 - IM~10 - ns’!

width
176 PCLK delay toco - 45 - 45 ns Figure 11
177 Video data setup time tops 6 - 6 - ns
178 Video data hold time toom 6 - 6 - ns
179 mdelay time taio - 60 - 55 ns
181 HSYNC delay tuso - 60 - 55 ns
182 VSYNC delay tvso - 60 - 55 ns
*1 M Clock cycle on the 28M pin
Timing Charts
(1) Clock Timing

_~®._ _~®
@
25M,28M,EXTI,EXT?E:52'2V zavy P
® ®

Figure3 Clock Timing
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(2) VO Access Timing (/O Channel Bus Mode)

® ) @
ToR \ 22V 2.2vY
07V 07V 0.7V
® . ®
2.2V 72V 2.2V
1ow _} \ 07V 0zV
o el. .2 e
AO-19 2.2V 2.2V 2.2V 22V
i5¢s 0.7V 0.7V 07V 0.7V
® el O 2
\r v 22v
- Vee-2.0V 170 A 2.2V
7 _ E—-—-——-
bo (((((( o.8v F0.8v Y07V 170 0.7V
) —
CDCHRDY Hi-Z
Figure 4 (a) VO Access Timing (IORDYEN Pin Low)
® @ @
_ r \ i
OR \ F2.2v 2.2V
07V 07V
® ® @
oW Faav
row e ® @ @\l,ow o7V ?@ K
oo @® .._..* r-- ®
A0-19 22V 2.2V 22V 2.2VXX
Bcs o7V o.7v M oFV o7V
) le @ ®
i lvee- !
0-7 Vec-2.0V TN 20v¥2.2V 2.2V
o L 0.8V 08V Y fo7v
@)
® ) » ) D)
i-Z Vee-2.0V 20V
i T ovivee-2 S
COCHRDY 08Y sy fI*572° 0.8v 0.8V F
i

Figure 4 (b) L/O Access Timing (IORDYEN Pin High)
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(3) Memory Access Timing (I/O Channel Bus Mode)

)] D) @
MEMR w 2.2V 2.2v
orv Horv \_
L4 @ @ 0
MW 2.2V 22V
ME _ﬂ o D) @So.w orvilg
r—' o )
AO0-19 2.2V 2.2V 2V z.zv-u
MCS o7V 0.7V 0.7V 0.7V
& © )
: Vec- _4
0o-7 : Vee-20V | N20V¥aav E.E.&___
1 0.8V D.8V 4 XaY% forv
T 1 ]
i L@
® € | Le® ® ®
Hi-Z | Vee-20ViL \Icc-gBV Vec-2.0Vy— T \___
CDCHRDY : av 0BV 0.8V 0.8V

Figure 5 Memory Access Timing

(4) System Bus Interface Timing (I/O Channel Bus Mode)

iOR, MEMR ovv\- 2,2v] 1
oW ,MEMW XLO_?V z2v
D] 8] @ ®
AEN 07V orvd Yorv o.7ﬁ\c ‘
on B <4
— 2.2v % 22V
DACK O z.vaaz w
® B
cc-2.0V
B10S 0.8V l v
@
DIR oaV;- IVCC—Z.OV

Figure 6 I/O Channel Bus Control Signal Timing
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(5) Micro Channel Access Timing (Micro Channel Bus Mode)

® 2]
®

50,51 Yo7y —HEY Yory

Lo, ‘I:Q i
AQ-19
woo 2RV 0 i
MCs,i0CS | ® ®

_&‘1 le—s|
SFDBKN Wz *0—68‘/ 08V

_® (2]

- Vor FEV

o
o
1
S
on
| 1@
<<

@
[l M)
~in
<<

® ®
Vee- 2.0V Vee-2.0V
po-7 J\( 8V 08V
® T
® %
@
Vec-20VF  \ Hi-Z
COCHRDY ==t~ X 0.8V )
@ @
S
OiR ! 0.8V J Vee-2.0V
@ ®
SLEEP fazv KZ‘ZV

Figure 7 Micro Channel Bus Access Timing

(6) IRQ and RESET Timing

CLK

IRQ

®
‘i
25V mlas v
RESET 05V
05V {05}

Figure 8 IRQ and RESET Timing
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(7) Display Memory Read/Write Cycle Timing

EXT),EXT2 v
@ e ° e
T
Raso2* "J;ZDV g:;zov \V" -20v /“\‘
e -] . ] .
&Asoz* J ve-2.07 Vee-2.0 — vec-20v
l. 0.8v {losv h ’ \
e ® o ®
Mo1a0-7 r;ow "v:: 20V k Row Column
M23A0-4 v Column address Row address Column address
M245°7,M345-7 address L 08Y address _f\address
S N
oE0z \io av | FoerY
—e
OEI13 0.8y _jo.sv
casis \ 7 Vee-2.0V [ [5] @
— Y Vec-2 0V
WEQ ,WE2 08V o8v
2] e
— Vee-20V
WE!,WE3 P oev cev
ele @ ol @ el o
MOIDO-7 2.2 ‘.,ZZV [0 wz‘ovr. ~ Vee- 2.0V
= .2V e . . - 2.
M2300-7 ——qukﬂddiu XY RM““}T\;{' Write daa ! Wmedlui)oev_“
RN —_ —— D2 1.3 0.2 1.3
*); RAS13 and CAS13 are delayed by 1Tc after RASO2 and CAS02. tra is delayed by
172 Tc after CAS13.
Figure 9 (a) Display Memory Normal Read/Write Timing
Display or CPU access in non-132-column text mode)
CPU access in graphics mode (smart access))
CPU access in 132-column text mode)
250,20 22v 2V
et exrz VAVAVAVAVAWAVAVAYAVAVAVAYAYAVAVAN
le_. | ) e
é | £ IL 2
-2 . Vee-2.0v
7y vec20v| vee zovno_“ & /—*"—L /e W
§ e ©
MOIAQ-7 \
M2340-4 ] Row address [ 355520V | Coluama adaress Sev 20V Coumaadaes ) | Colnra address R sadrem ) Coluca
M24a3 -7, M3A5-7 F ll 1" aln
[e el
stoz Losv oo o8y ~ ' \
e, ©
Gers oay v;:v-z ov J \ I
L7315 L o
L] L
MOIDO -7 .
M23007 22 adira Read dans Read dars Rand dma Resd éaz
Planes 0 a0d 2 Planes 1and 3 PlanesQand 2 Punes 0and 2 Punes L and 3
}: RASI3 and CAS13 are delayed by 1T afeer RASO2 and CASO2. tpap is delayed by
172 T¢ after CAS13.

162

Figure 9 (b) Display Memo

Page-Mode Read Timin,

(Display access in graphics mode (smart a%cess) and 132-column text mode)
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(8) DACIOR and DACIOW Timing

iOR Yo7y fa2v
- 22V
oW lozv N
® @
—
DACIOR 08V ISy
[
S LTl - ®
DACIOW Sro.av J[ 0.8V

Figure 10 () DACIOR and DACIOW Timing (I/O Channel Bus Mode)

56,57 ‘\1 07V l 22V
B |
G —\ 2.2v
——'_:\‘t’ Vee-2.0V
DACIOR 0.8V
i !
® .. _ 1 ®
DATTOW Y oav _7 Vee-2.0V

Figure 10 (b) DACIOR and DACIOW Timing {Micro Channel Bus Mode)
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(9) Video Interface Timing

S Exr2 orv/ TP\ NeavfEV\
®
e [T LT L [
o | @
Po-7 | ST ) B X
® ®
2

A’ Vee -2.0V
BLANK 08V ,

® @
HSYNC J veem2ov wto,ev
® ®
VSYNC [ veem20v l[o.sv
Figure 11 Video Interface Timing
Test Load Conditions
Load Pin Condition Unit
R, SFDBKN, CDCHRDY, IRQ 18 kQ
Other pins 2.4 kQ
c SFDBKN, CDCHRDY, IRQ 100 pF
Other pins 40 pF
R SFDBKN, CDCHRDY, IRQ 10 kQ
Other pins 10 kQ

50V

Test point RL

(Diodes: 152074 @)

Figure 12 Test Load Conditions
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