


Bt451/457/458 
Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 
Bt451/457/458 supports a standard MPU bus inter­
face, allowing the MPU direct access to the internal 
control registers and color/overlay palettes. The 
dual-port color palette RAM and dual-port overlay 
registers allow color updating without contention 
with the display refresh process. 

As presented in Table 1, the CO and CI control in­
puts, in conjunction with the internal address regis­
ter, specify which control register, color palette 
RAM entry, or overlay register will be accessed by 
the MPU. 

The 8-bit address register (ADDR0-7) is used to 
address the internal RAM and registers, eliminating 
the requirement for external address multiplexers. 
ADDRO corresponds to DO and is the least signifi­
cant bit. 

8t451/458 Reading/Writing Color Data 

To write color data, the MPU loads the address regis­
ter with the address of the color palette RAM loca­
tion or overlay register to be modified. The MPU 
performs three successive write cycles (red, green, 
and blue), using CO and CI to select either the color 
palette RAM or overlay registers. During the blue 
write cycle, the 3 bytes of color information are con­
catenated into a 24-bit word (12-bit word for the 

ADDR0-7 C1 

$xx 0 
$OO-,$FF 0 

$00 I 
$01 I 
$02 I 
$03 I 
$04 I 
$05 1 
$06 1 
$07 1 

CO 

0 
I 
I 
I 
1 
I 
0 
0 
0 
0 

Brooktree® 

Bt451) and written to the location specified by the 
address register. The address register then incre­
ments to the next location, which the MPU may 
modify by writing another sequence of red, green, 
and blue data. The Bt451 uses only the 4 most sig­
nificant bits of color data (D4-D7) and ignores 
DO-D3. 

To read color data, the MPU loads the address 
register with the address of the color palette RAM 
location or overlay register to be read. The MPU 
performs three successive read cycles (red, green, 
and blue), using CO and CI to select either the col­
or palette RAM or overlay registers. Following 
the blue read cycle, the address register increments 
to the next location, which the MPU may read by 
reading another sequence of red, green, and blue 
data. The Bt451 outputs only 4 bits of color data 
onto D4-D7 and forces DO-D3 to logical zeros. 

When accessing the color palette RAM, the ad­
dress register resets to $00 after a blue. read or 
write cycle to location $FF. When accessing the 
overlay registers, the address register increments 
to $04 following a blue read or write cycle to over­
lay register 3. To keep track of the red, green, and 
blue read/write cycles, the address register has 2 
additional bits that count modulo three. They are 
reset to zero when the MPU reads or writes to the 
address register. The MPU does not have access 
to these bits. The other 8 bits of the address regis­
ter (ADDRO-7) are accessible to the MPU. 

Addressed by MPU 

address register 
color palette RAM 

overlay color 0 
overlay color I 
overlay color 2 
overlay color 3 

read mask register 
blink mask register 
command register 

control/test register 

Table 1. Address Register (ADDR) Operation. 

5--82 SECTION 5 



Brooldree® 
Circuit Description (continued) 

8t457 ReadinglWriting Color Data 
(Normal Mode) 

To write color data, the MPU loads the address 
register with the address of the color palette RAM 
location or overlay register to be modified. The 
MPU performs a color write cycle, using CO and 
Cl to select either the color palette RAM or the 
overlay registers. The address register then incre­
ments to the next location, which the MPU may 
modify by writing another color. 

Reading color data is similar to writing it, ex­
cept the MPU executes read cycles. 

This mode is useful if a 24-bit data bus is availa­
ble, as 24 bits of color information (8 bits each of 
red, green, and blue) may be read or written to 
three Bt457s in a single MPU cycle. In this appli­
cation, the CE* inputs of all three Bt457s are con­
nected together. If only an 8-bit data bus is availa­
ble, the CE* inputs must be individually selected 
during the appropriate color write cycle (red CE* 
during red write cycle, blue CE* during blue write 
cycle, and green CE* during green write cycle). 

When accessing the color palette RAM, the ad­
dress register resets to $00 after a read or write cy­
cle to location $FF. When accessing the overlay 
registers, the address register increments to $04 fol­
lowing a read or write cycle to overlay register 3. 

8t457 Reading/Writing Color Data 
(RGBMode) 

To write color data, the MPU loads the address 
register with the address of the color palette RAM 
location or overlay register to be modified. The 
MPU performs three successive write cycles (8 
bits each of red, green, and blue), using CO and Cl 
to select either the color palette RAM or the over­
lay registers. After the blue write cycle, the ad­
dress register then increments to the next location, 
which the MPU may modify by writing another se­
quence of red, green, and blue data. Reading color 
data is similar to writing it, except the MPU exe­
cutes read cycles. 

Bt451/457/458 

This mode is useful if only an 8-bit data bus is 
available. Each Bt457 is programmed to be a red, 
green, or blue RAMDAC and will respond only to 
the assigned color read or write cycle. In this ap­
plication, the Bt457s share a common 8-bit data 
bus. The CE* inputs of all three Bt457s must be 
asserted simultaneously only during color read! 
write cycles and address register write cycles. 

When accessing the color palette RAM, the ad­
dress register resets to $00 after a blue read or 
write cycle to location $FF. When accessing the 
overlay registers, the address register increments 
to $04 following a blue read or write cycle to over­
lay register 3. To keep track of the red, green, and 
blue read/write cycles, the address register has 2 
additional bits that count modulo three. They are 
reset to zero when the MPU reads or writes to the 
address register. The MPU does not have access 
to these bits. The other 8 bits of the address regis­
ter (ADDRO-7) are accessible to the MPU. 

Additiona/lnformation 

Although the color palette RAM and overlay regis­
ters are dual ported, if the pixel and overlay data 
are addressing the same palette entry being written 
to by the MPU during the write cycle, 1 or more of 
the pixels on the display screen can be disturbed. 
·A maximum of 1 pixel is disturbed if the write 
data from the MPU is valid during the entire chip 
enable time. 

The control registers are also accessed through 
the address register in conjunction with the CO and 
Cl inputs, as specified in Table 1. All control reg­
isters may be written to or read by the MPU at any 
time. The address register does not increment fol­
lowing read or write cycles to the control registers, 
facilitating read-modify-write operations. 

If an invalid address is loaded into the address 
register, data written to the device will be ignored 
and invalid data will be read by the MPU. 
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BrooktreeQt 
Circuit Description (continued) 

C%r $e/ection 

Each clock cycle, 8 bits of color information (PO­
P1) and 2 bits of overlay information (OLD, aLl) 
for each pixel are processed by the read mask, 
blink mask, and command registers. Through the 
control registers, individual bit planes may be ena­
bled or disabled for display, and/or blinked at one 
of four blink rates and duty cycles. 

To ensure blinking does not cause a color 
change to occur during the active display time 
(Le., in the middle of the screen), the Bt45114571 
458 monitors the BLANK* input to determine ver­
tical retrace intervals. A vertical retrace interval is 
recognized by determining that BLANK* has been 
a logical zero for at least 256 LD* cycles. 

The processed pixel data is then used to select 
which color palette entry or overlay register is to 
provide color information. PO is the LSB when 
addressing the color palette RAM. Table 2 is the 
truth table used for color selection. 

CR6 Ol1 OlO PO-P7 

1 0 0 $00 
1 0 0 $01 
: : : : 
1 0 0 $FF 
0 0 0 $xx 
x 0 1 $xx 
x 1 0 $xx 
x 1 1 $xx 

Bt451/457/458 

Video Generation 

Every clock cycle, the selected color information 
from the color palette RAMs or overlay registers is 
presented to the D/A converters. 

The SYNC* and BLANK* inputs are pipelined 
to maintain synchronization with the pixel data. 
They add appropriately weighted currents to the 
analog outputs, producing the specific output lev­
els required for video applications, as illustrated in 
Figure 2. 

The varying output current from each of the DI 
A converters produces a corresponding voltage 
level, which is used to drive the color CRT moni­
tor. Only the green output (lOG) on the Bt451 and 
Bt458 contains sync information. Table 3 details 
how the SYNC* and BLANK* inputs modify the 
output levels. 

The D/A converters on the Bt451, Bt457, and 
Bt458 use a segmented architecture in which bit 
currents are routed to either the current output or 
GND by a sophisticated decoding scheme. This 
architecture eliminates the need for precision com­
ponent ratios and greatly reduces the switching 
transients associated with turning current sources 
on or off. Monotonicity and low glitch are guaran­
teed -by using identical current sources and current 
steering their outputs. An on-chip operational am­
plifier stabilizes the D/A converter's full-scale out­
put current against temperature and power supply 
variations. 

Addressed by Frame 

color palette entry $00 
color palette entry $01 

: 
color palette entry $FF 

overlay color 0 
overlay color 1 
overlay color 2 
overlay color 3 

Table 2. Palette and Overlay Select Truth Table. 
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Brooktree® Bt451/457/458 
Internal Registers 

Command Register 

The command register may be written to or read by the MPU at any time and is not initializcd. For proper operation, it 
mnst be initialized by the user after power-up. CRO corresponds to data bus bit DO. 

CR7 

CR6 

CR5,CR4 

CR3 

CR2 

Multiplex select 

(0) 4: 1 multiplexing 
(1) 5:1 multiplexing 

RAM enable 

(0) use overlay color 0 
(1) use color palette RAM 

Blink rate selection 

(00) 16 on, 48 off (25175) 
(01) 16 on, 16 off (50/50) 
(10) 32 on, 32 off (50/50) 
(11) 64 on, 64 off (50/50) 

aLl blink enable 

(0) disable blinking 
(1) enable blinking 

OLO blink enable 

(0) disable blinking 
(1) enable blinking 

This bit specifies whether 4: I or 5: I multiplexing is to be 
used for the pixel and overlay inputs. If 4: I is specified, 
the {E} pixel and {E} overlay inputs are ignored and 
should be connected to GND, and the LD* input should be 
one fourth the CLOCK rate. If 5: I is specified, all of the 
pixel and overlay inputs are used, and the LD* input 
should be one fifth the CLOCK rate. 

The pipeline delay of the Bt457/458 can be reset to a fixed 
eight clock cycles. In this instance, each time the input 
multiplexing is changed, the Bt457/458 must again be 
reset to a fixed pipeline delay. 

When the overlay select bits are 00, this bit specifies 
whether to use the color palette RAM or overlay color 0 to 
provide color information. 

These 2 bits control the blink rate cycle time and duty 
cycle, and are specified as the number of vertical retrace 
intervals. The numbers in parentheses specify the duty 
cycle (percent on/ofO. 

If a logical one, this bit forces the aLl {A-E} inputs to 
toggle between a logical zero and the input value at the 
selected blink rate prior to pallett selection. A value of 
logical zero does not affect the value of the aLl {A-E} 
inputs. In order for overlay I bit plane to blink, bit CRI 
must be set to a logical one. 

If a logical one. this bit forces the OLO {A-E} inputs to 
toggle between a logical zero and the input value at the 
selected blink rate prior to pallett selection. A value of 
logical zero does not affect the value of the OLO {A-E} 
inputs. In order for overlay 0 bit plane to blink, bit CRO 
must be set to a logical one. 

WORKSTATION GRAPHICS 5-87 



Bt451/457/458 
Internal Registers (continued) 

Command Register (continued) 

CRI 

CRO 

OLI display enable 

(0) disable 
(1) enable 

OLO display enable 

(0) disable 
(1) enable 

Read Mask Register 

Brooktree@ 

If a logical zero, this bit forces the OLl {A-E} inputs to a 
logical zero prior to selecting the palettes. A value of a 
logical one does not affect the value of the OLl {A-E} 
inputs. 

If a logical zero, this bit forces the OLO {A-E} inputs to a 
logical zero prior to selecting the palettes. A value of a 
logical one does not affect the value of the OLO {A-E} 
inputs. 

The read mask register is used to enable (logical one) or disable (logical zero) a bit plane from addressing the color palette 
RAM. DO corresponds to bit plane 0 (PO (A-E}), and D7 corresponds to bit plane 7 (P7 (A-E}). Each register bit is 
logically ANDed with the corresponding bit plane input This register may be written to or read by the MPU at any time 
and is not initialized. For proper operation, it must be initialized by the user after power-up. 

Blink Mask Register 

The blink mask register is used to enable (logical one) or disable (logical zero) a bit plane from blinking at the blink rate 
and duty cycle specified by the command register. DO corresponds to bit plane 0 (PO (A-E}), and D7 corresponds to bit 
plane 7 (P7 (A-E}). In order for a bit plane to blink, the corresponding bit in the read mask register must be a logical one. 
This register may be written to or read by the MPU at any time and is not initialized. For proper operation, it must be 
initialized by the user after power-up. 

SECTIONS 



Brooktree@ Bt451/457/458 
Internal Registers (continued) 

8t4511458 Test Register 

The test register provides diagnostic capability by enabling the MPU to read the inputs to the DI A converters. It may be 
written to or read by the MPU at any time and is not initialized. For proper operation, it must be initialized by the user after 
power-up. When writing to the register, the upper 4 bits (D4-D7) are ignored. 

The contents of the test register are defined as follows: 

07-04 color information (4 bits of red, green, or blue) 

D3 low (logical one) or high (logical zero) nibble 
D2 blue enable 
Dl green enable 
DO red enable 

To use the test register, the host MPU writes to it, setting only one of the (red, green, or blue) enable bits. These bits 
specify which 4 bits of color information the MPU wishes to read (RO-R3, GO-G3, BO-B3, R4-R7, G4-G7, or B4-B7). 
When the MPU reads the test register, the 4 bits of color information from the DAC inputs are contained in the upper 4 
bits, and the lower 4 bits contain the (red, green, blue, and low or high nibble) enable information previously written . 
Either the CLOCK must be slowed down to the MPU cycle time, or the same pixel and overlay data must be presented to 
the device during the entire MPU read cycle. 

For example, to read the upper 4 bits of red color information being presented to the DI A converters, the MPU writes to the . 
test register, setting only the red enable bit. The MPU then reads the test register, keeping the pixel data stable, which 
results in D4-D7 containing R4-R7 color bits and DO-D3 containing (red, green, blue, and low or high nibble) enable 
information, as illustrated below: 

D7 R7 
D6 R6 
D5 R5 
D4 R4 

D3 0 
D2 0 
Dl 0 
DO 

Since the Bt451 has 4-bit D/A converters, bit D3 of the test register will always be a logical zero. 
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Bt451/457/458 BrooktreeQi 
Internal Registers (continued) 

at457 Contra/nest Register 

The control/test register provides diagnostic capability by enabling the MPU to read the inputs to the 01 A converter. It may 
be written to or read by the MPU at any time and is not initialized. For proper operation, it must be initialized by the user 
after power-up. When writing to the register, the upper 4 bits (04-07) are ignored. 

The contents of the test register are defined as follows: 

07-04 color information 

D3 low (logical one) or high (logical zero) nibble 
02 blue channel enable 
Dl green channel enable 
DO red channel enable 

To use the control/test register, the MPU writes to it, specifying the low or high nibble of color information. When the 
MPU reads the register, the 4 bits of color information from the OAC inputs are contained in the upper 4 bits, and the 
lower 4 bits contain whatever was previously written to the register. Either the CLOCK must be slowed down to the MPU 
cycle time, or the same pixel and overlay data must be presented to the device during the entire MPU read cycle. 

The red, green, and blue enable bits are used to specify the mode in which color data is written to and read from, the Bt457. 
If all three enable bits are logical zeros, each write cycle to the color palette RAM or overlay registers loads 8 bits of color 

data. During each read cycle of the color palette RAM or overlay registers, 8 bits of color data are output onto the data 
bus. If a 24-bit data bus is available, three Bt457s can be accessed simultaneously. 

If any of the red, green, or blue enable bits is a logical one, the Bt457 assumes the MPU is reading and writing color 
information using red-green-blue cycles, such as are used on the Bt451 and Bt458. Setting the appropriate enable bit 
configures the Bt457 to output or input color data only for the color read/write cycle corresponding to the enabled color. 
Thus, if the green enable bit is a logical one, and a red-green-blue write cycle occurred, the Bt457 would input data only 
during the green write cycle. If a red-green-blue read cycle occurred, the Bt457 would output data only during the green 
read cycle. CE* must be a logical zero during each of the red-green-blue cycles. Only I of the enable bits must be a 
logical one. This mode of operation is useful when only an 8-bit data bus is available and the software· drivers are written 
for RGB operation. 
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Brooktree® Bt451/457/458 
Pin Descriptions 

Pin Name 

BLANK* 

SYNC* 

LD* 

PO-P7 
{A-E) 

OLO-OLl 
{A-E) 

lOR, lOG, lOB, 
lOUT 

PLL 

Description 

Composite blank control input (TTL compatible). A logical zero drives the analog outputs to the 
blanking level, as specified in Table 3. BLANK* is latched on the rising edge of LD*. When 
BLANK* is a logical zero, the pixel and overlay inputs are ignored. 

Composite sync control input (TTL compatible). A logical zero on this input switches off a 40 IRE 
current source on the lOG output (see Figure 2). SYNC* does not override any other control or data 
input, as shown in Table 3; therefore, it should be asserted only during the blanking interval. It is 
latched on the rising edge of LD*. If sync information is not to be generated on the lOG output, this 
pin should be connected to GND. 

Load control input (TTL compatible). The PO-P7 {A-E). OLO-OLI {A-E). BLANK*, and 
SYNC* inputs are latched on the rising edge ofLD*. While LD* is either one fourth or one fifth the 
CLOCK rate, it may be phase independent of the CLOCK and CLOCK* inputs. LD* may have any 
duty cycle within the limits specified in the AC Characteristics section. 

Pixel select inputs (TTL compatible). These inputs are used to specify, on a pixel basis, which I of 
the 256 entries in the color palette RAM is to be used to provide color information. Either 4 or 5 
consecutive pixels (up to 8 bits per pixel) are input through this port. They are latched on the rising 
edge of LD*. Unused inputs should be connected to GND. 

The {A 1 pixel is output first, followed by the {B) pixel, then the {C) pixel, etc., until all 4 or 5 
pixels have been output, at which point the cycle repeats. 

Overlay select inputs (TTL compatible). These control inputs are latched on the rising edge of LD*. 
In conjunction with bit 6 of the command register, they specify which palette is to be used for color 
information, as follows: 

OL1 OLD CR6 = 1 CR6 = D 

0 0 color palette RAM overlay color 0 
0 I overlay color I overlay color I 
I 0 overlay color 2 overlay color 2 
I I overlay color 3 overlay color 3 

When accessing the overlay palette, the PO-P7 {A-E) inputs are ignored. Ovcrlay information bits 
(up to 2 bits per pixel) for either 4 or 5 consecutive pixels are input through this port. Unused inputs 
should be connected to GND. 

Red, green, and blue video current outputs. These high-impedance current sources can directly drive 
a doubly-terminated 75 n coaxial cable (see Figure 4 in the PC Board Layout Considerations 
section). The Bt457 outputs lOUT rather than lOR, lOG, and lOB. 

Phase lock loop current output-Bt457 only. This high-impedance current source is used to enable 
multiple Bt457s to be synchronized with subpixel resolution when used with an external PLL. A 
logical one on the BLANK* input results in no current being output onto this pin, while a logical 
zero results in the following current being output: 

PLL (rnA) = 3,227 * VREF ( V) I RSET (n) 

If subpixel synchronization of multiple devices is not required, this output should be connected to 
GND (either directly or through a resistor up to 150 n). 
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Bt451/457/458 Brooktree@ 
Pin Descriptions (continued) 

Pin Name 

COMP 

FSADJUST 

VREF 

CLOCK, 
CLOCK'" 

CE* 

RIW 

CO,Cl 

DO--D7 

VAA 

GND 

Description 

Compensation pin. This pin provides compensation for the internal reference'lllllplifier. A 0.1 j.IF 
ceramic capacitor must be connected between this pin andVAA (Figure 4). Connecting the 
capacitor to V AA rather than to GND provides the highest possible power supply noise rejection. 
The COMP capacitor must be as close to the device as possible to keep lead lengths to an absolute 
minimum and to maximize the capacitor's self-resonant frequency to be greater than the LD* 
frequency. The PC Board Layout Considerations section contains critical layout criteria. 

Full-scale adjust control. A resistor (RSET) connected between this pin and GND controls the 
magnitude of the full-scale video signal (Figure 3). The IRE relationships in Figure 2 are 
maintained, regardless of the full-scale output current. 

The relationship between RSET and the full-scale output current on lOG (or lOUT for the Bt457) is: 

RSET (n) = 11,294 '" VREF ( V) I lOG (rnA) 

The full-scale output current on lOR and lOB (for the Bt451 and Bt458) for a given RSET is: 

lOR, lOB (rnA) = 8,067 '" VREF ( V) I RSET (n) 

Voltage reference input. An external voltage reference circuit, such as that shown in Figure 4, must 
supply this input with a 1.235 V (typical) reference. The use of a resistor network to generate the 
reference is not recommended, as any low-frequency power supply noise on VREF will be directly 
coupled onto the analog outputs. A 0.1 j.IF ceramic capacitor is used to decouple this input to V AA, 
as shown in Figure 4. If VAA is excessively noisy, better performance may be obtained by 
decoupling VREF to GND. The decoupling capacitor must be as close to the device as possible to 
keep lead lengths to an absolute minimum. Refer to the PC Board Layout Considerations section for 
critical layout criteria. 

Clock inputs. These differential clock inputs are designed to be driven by ECL logic configured for 
single-supply (+5 V) operation. The clock rate is typically the pixel clock rate of the system. Refer 
to the PC Board Layout Considerations section for critical layout criteria. 

Chip enable control input (TTL compatible). This input must be a logical zero to enable data to be 
written to or read from the device. During write operations, data is internally latched on the rising 
edge of CE*. Glitches should be avoided on this edge-triggered input. 

Read/write control input (TTL compatible). To write data to the device, both CE* and RIW must be 
a logical zero. To read data from the device, CE'" must be a logical zero and RIW must be a logical 
one. RIW is latched on the falling edge of CE'". 

Command control inputs (TTL compatible). CO and Cl specify the type of read or write operation 
being performed, as presented in Table 1. They are latched on the falling edge of CE*. 

Data bus (TTL compatible). Data is transferred into and out of the device over this 8-bit 
bidirectional data bus. DO is the least significant bit. 

Analog power. All V AA pins must be connected together on the same PCB plane to prevent 
latchup. Refer to the PC Board Layout Considerations seCtion for critical layout criteria. 

Analog ground. All GND pins must be connected together on the same PCB plane to prevent 
latchuJi. Refer to the PC Board Layout Considerations section for critical layout criteria. 
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Brooktree@ Bt451/457/458 
Pin Descriptions (continued)-84-Pin J-Lead Package 

P2A 

PIB 

PID 

PIC 

PIB 

PIA 

POB 

POD 

POe 

POB 

POA 

OLIB 

OLID 

OLIC 

OLIB 

OLIA 

OLOB 

OLOD 

OLOe 

OLOB 

OLOA 

Note: Bt457 pin names are in parentheses. 

P4B 

PSA 

PSB 

PSC 

PSD 

PSB 

P6A 

P6B 

P6C 

P6D 

P6B 

P7A 

P7B 

P7C 

P7D 

P7B 

VAA 

GND 

VAA 

GND 

VREF 
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