
















































































































































































































































































































































































































































































































































































































































































































SHIFT REGISTER TAP REDUCES COMPONENT COUNT 

The ECL shift register inputs and outputs have been de­
signed to accommodate cascading and for ease of intercon­
nection with DACs. The inputs and outputs may be used 
differentially or single-ended. If single-ended use is desired, 
the on-board V BB reference is provided for the unused in­
puts. Differential inputs and outputs significantly 
design by reducing the circuit's susceptibility to noise picked 
up while routing the traces on the printed circuit board. 

The tap at the eighth bit enables the user to "customize" 
the part for various word lengths. For an eight bit system the 
component count, and thus power dissipation, is cut in half 
by the availability of the eighth bit; one part may be used for 
two words. Figure 7 shows how the tap results in compo­
nent count reduction for other word lengths. In this example 
a twenty-four bit word is used. Three video shift registers 
can perform the parallel to serial conversion for two words. 
If the tap was not present, another video shift register would 
be necessary. This results in a savings of four video shift 
registers (12 versus 16) in an eight plane system. This flexi­
bility reduces the total cost of components, board space, 
and power. 

ADDITIONAL FEATURES ENHANCE FLEXIBILITY 

Two additional features provide the system designer with 
even more control over the operation of the DP8515/16. A 
HOLD input is provided which, when held high, inhibits the 
shifting of all of the bits of the shift register. This is in con­
trast to the OUTPUT CONTROL input which only inhibits the 

shifting of the SO and SB bits. The HOLD is ECL 
patible and may be applied for as short a time as one pixel 
clock. 

An ENABLE input is also provided on the DP8515/16. 
When held high, this TTL compatible signal will inhibit the 
parallel loading of the data into the shift register. 

ECL POWER SUPPLIES NO LONGER A PROBLEM 

As mentioned earlier, the DP8515/ 16 was designed with 
several goals in mind; one of these was to develop a flexible 
part that could easily be configured to fit well in any graphics 
system. The DP8515/16 power supplies are specified to 
meet this goal. The DP8515/16 has separate pins for the 
TTL supply and the ECL supply. However, the ECL supply is 
specified so that it may be shared with the TTL supply. Both 
the 1 OK (DP8515) and 1 OOK (DP8516) versions have all 
specifications guaranteed with supplies varying from 4.2V to 
5.5V. Also the ECL supply may be either positive or nega­
tive. This allows the user to configure this part around his 
system, not the other way around. Also, the on-chip Vf:!B 
reference eliminates the problem of having to generate dif­
ferent references for positive and negative supplies if single­
ended signals are being used. 

DP8515/16 IDEAL FOR MANY APPLICATIONS IN 
ADDITION TO GRAPHICS 

The DP8515/16 video shift register is well-suited for any 
high-speed application where to serial is 
required. Any high-speed system will have the timing prob­
lems described above which can be eliminated by placing a 
FIFO in front of the shift register. 

FROlot lotElotORY FROlot lotElotORY FROlot lotEMORY 

DO•D15,WORD 1 
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DO•D15 

PIXEL CLK DP8515/16 
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SI 

WORD 1 
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WR 
DO-D7 

PIXEL CLK 

PARALLEL LOAD 

WORD 2 
DO-D7 

DP8515/16 

DS • D23, WORD 2 

WR 

PIXEL CLK 

PARALLEL LOAD 

WORD 2 

WORD 1 

so 
DP8515/16 SS 

SI 

COLOR PALETIE 
OR 
DAC 

TL/F/10333-7 

FIGURE 7. DP8515/DP8516 Interconnection for 24-Bit Word 
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The DP8515/16 is ideal for the generation of any high­
speed pattern for ECL circuitry. The pattern can be parallel­
loaded at a low rate into the FIFO. The serial pattern can 
then be shifted out at sixteen times this rate and at ECL 
levels. If the DP8515/ 16's are cascaded, higher differentials 
between input and output data rates are possible. A pattern 
of up to sixty-four bits can be stored in the FIFO and, by 
cycling through the FIFO, continuously shifted out of the 
shift register in serial form. If longer patterns are desired, 
the FIFO is periodically updated. The serial data from the 
shift register can be clocked by a synchronous clock source 
which was divided down to generate the write clock for the 
FIFO. 
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SUMMARY 

The DP8515/16 video shift register has been designed with 
the intent of significantly easing graphics subsystem design 
and at the same time reducing the cost of the parallel-to-se­
rial data conversion section of the graphics sybsystem. The 
chip can be configured to meet the needs of the system. A 
four-word FIFO is available and when put in front of the high 
speed shift register, eliminates the serious data timing prob­
lem which arises when designing multiple board systems. 
This video shift register may operate off of positive or nega­
tive power supplies, is available in 1 OOK and 1 OK options, 
and includes features which allow smooth panning and pixel 
replication zoom functions. Also a tap at the eighth bit al­
lows the chip to operate efficiently with any word length . 

• 



Mid-Scan-Line Load 
Techniques 
Using the DP8500 Raster 
Graphics Processor 

A video graphics system's main task is to perform drawing 
operations with the highest possible performance. In order 
to achieve high drawing rates the drawing processor must 
have access to the frame buffer via the system bus with as 
little interruption as possible from other system activities. 
Unfortunately, all video systems are required to perform 
some level of display refresh which, unless the frame buffer 
is dual-ported, will require the refresh controller to fetch 
data from the frame buffer utilizing the same bus that the 
drawing processor is using. As a result, the drawing process 
will be interrupted in order to perform the display refresh 
operations which will ultimately hinder the drawing perform­
ance of the system. 

VDRAM TECHNOLOGY 

The bus bandwidth overhead associated with display re­
fresh has been greatly reduced with the advent of the dual­
ported Video Dynamic RAM (VDRAM). Shift registers tied to 
a separate video data port have been incorporated into con­
ventional DRAM devices providing a convenient way to 
transfer frame buffer data to the video output section. Data 
is transferred to the shift registers a row at a time and then 
clocked out of the serial port as needed by the video refresh 
section. The activity of transferring data from the random 
memory array to the shift registers is commonly referred to 
as a data transfer cycle. 

Utilizing VDRAM devices in a RGP-based graphics system 
inherently increases the system bus bandwidth for other bus 
activities not related to display refresh. The time ordinarily 
needed for fetching display data, particularly in a system 
with a frame buffer consisting of conventional DRAM devic­
es, can occupy greater than 50% of the available bus band­
width. In contrast, a frame buffer consisting of VDRAM de­
vices in a RGP-based system are accessed for display up­
date at the most once every 4096 pixels displayed, so the 
system bus is freed up for other system activities, such as 
drawing. 

Display refresh using VDRAM devices is accomplished by 
performing a read cycle on the random access port in the 
data transfer mode (DT /OE before RAS), which enables the 
transfer of a row of frame buffer data to its internal 256-bit 
shift registers. Once the read operation has completed, the 
video data is clocked out of the serial access port with the 
Shift Clock {SC) input on the VDRAM. The advantage of this 
dual-port arrangement is that the system bus is utilized only 
once for the transfer cycle and then the shift registers take 
over delivering the frame buffer data to the display. 

The timing requirements of VDRAMs with respect to the 
data transfer cycle, however, are rather rigid. The rising 
edge of the DT /OE input, which controls when the data is 
loaded into the internal shift registers must occur at a point 
in time when the last bit of data is clocked out of the serial 
port but before the next rising edge of Shift Clock. At video 
rates, this can become difficult to control. 
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SIMPLIFYING THE DISPLAY REFRESH TIMING 

Because of the precise timing requirement required for dis­
play refresh, it is not uncommon to feed the outputs of multi­
ple VDRAM devices to a high speed parallel-to-serial shift 
register so that a slower clock can be used to clock to 
VDRAM shift register. This essentially relaxes the window 
for performing the transfer cycle as well as extending the 
time interval between transfer cycles. 

In some systems this solution already exists because of the 
word width imposed by the drawing processor. For example, 
an RGP-based system utilizes a 16-bit data bus which im­
plies that four VDRAM devices (i.e., 64k x 4 devices) be 
used to form the required data width on the random access 
port. The serial port word width matches the random access 
word width of 16 bits. The period (in pixels) between data 
transfer cycles can be calculated by multiplying the number 
of bits used to create the data word, which, in the RGP's 
case is sixteen, by the length of the VDRAM's serial shift 
registers. Using the RGP-based system as an example the 
period can be calculated as 16 x 256 = 4096 bits. 

This effectively creates a longer serial word per transfer cy­
cle performed, which results in extending the maximum peri­
od between data transfer cycles to be equal to some multi­
ple of the horizontal line length. With some display widths, 
for example, a 1 024-bit wide format, this would allow the 
data transfer cycle to occur during the blanking period, elim­
inating the need for generating the precise timing that other­
wise would be required if performing the data transfer cycle 
during active video. This method provides a reasonable so­
lution for some system designs which can match the display 
format to the frame buffer's effective width or some multiple 
of it. 

SIMPLICITY WITH COMPROMISE 

A problem with the above approach is that not all display's 
horizontal dimensions can conform to the implied bounda­
ries of the frame buffer. A good case in point is the 1280 x 
1024 display. Given a 16-bit wide RGP data bus and using 
64k by 4 VDRAM devices, a simple frame buffer could be 
implemented using two banks of 4 devices configured as 
illustrated in Figure 1. Each VDRAM is responsible for pro­
viding 4 bits of video data which is fed to a 16-bit shift regis­
ter. This configuration would allow for a data transfer cycle 
to occur at a maximum of once every 4096 pixels displayed 
(16 x 256 = 4096). 

In order to guarantee that the display refresh cycle does not 
occur during active video, a value for the word offset be­
tween vertically adjacent pixels in the frame buffer called 
the display buffer warp, must be chosen so that the shift 
registers never become empty before reaching the end of 
the scanline. 
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When the RGP generates a display refresh cycle at the start 
of each scanline, the address generated by the RGP is cal­
culated by adding the display buffer warp value to the dis­
play buffer starting address each time a new scanline is 
started. This requires that the display buffer warp be set so 
that successive scanline's starting addresses can be divid­
ed into the shift register's effective length evenly. In this 
case, the display buffer warp is calculated as being Y,6th (to 
convert to words) the value closest to the horizontal line 
length of 1280 which can be evenly divided into 4096, which 
is 2048. In this case, each time a new scanline is started, 
the new refresh address would be the previous line's start­
ing address plus 128 (2048/16). In this way the VDRAM's 
shift register, which is really 4096 bits long, would never be 
exhausted during active video. 

An apparent disadvantage of using this type of refresh con­
figuration is that it wastes a large percentage of the frame 
buffer. The memory between pixels 1280 and 2048 on each 
scanline cannot be used in a linear fashion because it is in 
fragments throughout the frame buffer .. In this example, a 
total of 48k words of random access memory which could 
be utilized for other system tasks would be forfeited to sim­
plify the data transfer logic timing. 

A more efficient design would therefore allow the display 
buffer warp to be set such that the ending address of each 
scanline is adjacent to the beginning address of the next 
scanline in the frame buffer, eliminating the wasted buffer 
area. As a tradeoff the system would be required to perform 
a new data transfer cycle on demand, regardless of being in 
active video or not, when the VDRAM shift register's con­
tents are about to become exhausted. This operation is 
called a Mid-Scan-Line Load Operation . . 

A BETTER SOLUTION USING THE RGP 

The DP8500's refresh logic was designed with VDRAM 
technology in mind and provides an easy way to implement 
mid-scan-line load with a minimum of external components. 

The Video Refresh Control (VRC) block of the RGP consists 
of a refresh address counter which is clocked by the LCK 
input, and the timing chains that ultimately produce the sync 
and display refresh request signals. When the refresh coun­
ter is either clocked to 255 or when the end of a scanline is 
reached, the VRC block generates a signal, DRREQ, which 
indicates that the RGP will perform a display refresh cycle 
when the current bus cycle completes. This signal can be 
used to flag the system memory controller which can gener­
ate the appropriate data transfer cycle timing in the next bus 
cycle. 

One LCK cycle after the RGP's internal refresh counter 
clocks to 255, the RGP will internally request a display re­
fresh cycle. If there is a bus cycle currently in progress, the 
RGP will continue executing the current cycle, regardless of 
its length, until the WAIT input is sampled high. At this point, 
the RGP will initiate a display refresh cycle and allow the 
system to perform the VDRAM data transfer cycle. 

The criteria for performing a successful data transfer cycle 
during active video is to start the cycle as normal by subse-
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quently asserting DT /OE, RAS and CAS low and then posi­
tion the rising edge of the.OT/OE signal so that it transitions 
after the last word of serial port data is transferred to the 16-
bit output shift register but before the next rising edge of SC 
(shift clock). This will ensure that the last word of video data 
is not corrupted before being transferred to the 16-bit output 
shift register. 

Because the period between the DRREQ transition and 
when the address counter rolls over is fixed at 1 LCK cycle, 
a problem may arise if the display refresh request from the 
RGP comes during a bus cycle which is longer than the 
period of time that is needed to shift out the remaining 16-bit 
word of display data. There is a possibility that the data 
transfer cycle would occur too late, resulting in an interrup­
tion in the process of delivering video data to the display. 

This problem can be overcome by delaying the blanking 
signal by "n" LCKperiods which, in effect, allows the RGP's 
internal refresh counter to start clocking "n" LCK periods 
before active video. This causes the RGP to assert the 
DRREQ signal "n" LCK periods before the VDRAM shift 
register's contents are exhausted allowing the RGP ample 
time to complete the current bus cycle and start the display 
refresh cycle. The number of LCK periods to delay the 
blanking by can. be determined by summing up the time re­
quired to execute the longest bus cycle and the period with­
in the display refresh cycle just prior to when the DT /OE is 
to be clocked high and dividing that total by the LCK period. 

The period of time between when the RGP asserts DRREQ 
and when the VDRAM shift registers are empty is deter­
mined by the "n" LCK delay of the BLANK signal plus the 
time it takes to perform the display refresh cycle. It is impor­
tant to note that the timing relationship of DRREQ and 
DT/OE must remain constant. The bus state machine must 
guarantee that this period is maintained regardless of the 
length of the current bus cycle. This can be done by using 
the DRREQ signal to enable a down counter being clocked 
by LCK. The count length is set to match the delay of the 
BLANK signal. The counter's output is sampled by the bus 
state machine to hold off the completion of the display re­
fresh cycle by inserting wait states to the RGP during the 
display refresh cycle. The DT /OE signal is set low but is not 
released high again until the counter reaches zero. At this 
point, the bus state machine asserts both DT /OE and WAIT 
high and finishes the display refresh cycle. In this way, the 
period between DRREQ and DT /OE transitions remains 
constant, guaranteeing the transfer of data to the shift regis­
ter at exactly the right time. 

IMPLEMENTATION 

The logic for the above circuit was implemented in a single 
National 16V8 Generic Array Logic (GAL ®l device. The log­
ic diagram, timing, and GAL equations can be found in Fig­
ures 2, 3, and 4 respectively, The circuit was tested on Na­
tional's DP850EB 4-Plane Evaluation Board. Please consult 
the DP850EB 4-Plane Evaluation Board System User's 
Guide for further information on designing a graphics sys­
tem around the DP8500 Raster Graphics Processor. 
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This device delays blanking by two clock periods. It also contains a 
2-bit counter which is used t.o hold off finishing the display refresh 
cycle, Please see the timing and schematic diagrams for more details 
on how this circuit is used. 

I Cl 

equations 

end 

device 'pl6v8r'; 
elk pin l; "LCK input, 
Il pin 2; 
I2 pin 3; 
reset- pin 4• 

' "Reset in from RGP. 
dr_req- pin 5; "Inverted dr_req- for flip/flop. 
blank- pin 6; "Blanking input. 
IS pin 7; 
I7 pin 8; 

lat ched_drreq - pin 9; "Starts the down counter. 
GND pin 10; 
OE pin 11; 

end_dt_cycle - pin 12; "Used to signal state machine to 
"finish the display refresh cycle. 

dr_req- pin 13; "Dr_req- input from RGP. 
a pin 14; "2-bit counter LSB. 
b pin 15; "2-bit counter MSB. 
F4 pin 16; 
F5 pin 17; 
delayed_ blank- pin 18; "Blanking delayed by 2 LCKs. 
rst_req-
vcc 

pin 19; "Clears the latched dr_req -
pin 20; 

!end_dt_cycle = (!a & !b) # !delayed_blank - ; 

!a := 

!b ·-

!dr_req = dr_req-; 

(a & !latched_drreq-) 
# ( I2 & latched_drreq - ) ; 

( b & !a & !latched_drreq - ) 
# ( !b & a & !latched_drreq - ) 
# ( !I2 and latched_drreq - ) ; 

!rst_req - := !end_dt_cycle # !reset - ; 

!delayed_ blank- := F5; 

!F5 := blank- ; 

FIGURE 4. GAL Equations 
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Accurate Timing for Multi­
Board Graphics Systems 

Two members of National Semiconductor's Advanced 
Graphics Chip Set are the DP8513, Multiboard Video Clock 
Generator, and the DP8514, Crystal Clock Generator. 
These devices are used in multiple board/plane graphics 
systems to generate and synchronize the clocks which drive 
the graphics processors and transfer VRAM information out 
to DACs for CRT display updates. Synchronizing the signals 
involved in these operations is becoming increasingly diffi­
cult as display resolutions increase and as more color 
planes are offered. The higher display resolutions increase 
the rate which information must be transferred from memory 
to the display. The increasing number of color planes force 
VRAM information to reside off of the mother board thereby 
introducing timing constraints associated with back plane 
data transfers. Utilization of the DP8513 and DP8514 great­
ly simplify these clock generation and synchronization prob­
lems. 

Updating a CRT display involves a parallel to serial conver­
sion of screen information from VRAM memory into a video 
shift register which then serially feeds a DAC. Pixel and load 
clocks are used to coordinate the transfer of the VRAM data 
into the video shift register and also the shifting of the data 
out to the DAC. Present day screen resolutions of 1280 x 

MOS 2 PHASE 

CLOCK DRIVERS 

SYNCHRONIZER/ 
MOS DRIVER 
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1024 pixels and beyond are becoming commonplace. This 
translates to a pixel rate exceeding 100 MHz for the con­
ventional non-interlaced raster scan monitor. Manipulation 
of the screen information at these high data rates requires 
that the video shift register and DAC portions of the graph­
ics system be implemented in high speed Emitter Coupled 
Logic (ECL). The ECL pixel and load clocks associated with 
these data transfers must syncronize with the slower MOS 
clocks driving video memory and the graphics processors 
so that screen updating, blanking, and scrolling operations 
are properly carried out. The DP8513 and DP8514 generate 
these pixel, load, and processor clocks and provide the ap­
propriate gating circuitry to simplify interconnection into ei­
ther MOS, TTL or ECL based systems. 

The DP8513 generates the pixel, load, and processor 
clocks using a digital phase lock loop as shown in Figure 1. 
The device takes an input reference signal provided by the 
DP8514 and uses it to precisely control a high speed volt­
age controlled oscillator from which the pixel, load, and 
processor clocks are derived. The phase lock loop attri­
butes enable the input reference signal and all the output 
clocks it generates to inherently be phase aligned. 

D 
FLIP 
FLOP 

REF IN 
(FROM DATA OUT) 

REFCLOCK 
(FROM X OUT} 

PHASE LOCK LOOP 

PIXEL 
CLOCK 

OUTPUTS 

LOAD CLOCK 
OUTPUTS 

FIGURE 1. DP8513 Functional Diagram 
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The DPS.514 is comprised of two independent functions as 
shown in Figure 2: an oscillator with TTL outputs and a syn­
chronizer /MOS clock driver. The oscillator function provid­
ed by the DP8514 need only be implemented once in any 
system on any arbitrary board. The oscillator and oscillator 
divided by two outputs, X OUT and DATA OUT, are intend­
ed to be connected out to the backplane to drive all boards 
identically. (In a system where it is desired to lock to an 
external video source, this oscillator function should reside 
on the motherboard. In this configuration, the DP8513's PLL 
function can interact with the DP8.514's crystal/ceramic os­
cillator to phase align itself to an external horizontal input 
signal.) 

..------+! X OUT 
( ) 

REF IN 
{FROM DATA OUT) 

REF CLOCK ..._ __ (FROM X OUT) 
SYNCHRONIZER/MOS DRIVER 

TL/F/10005-2 

FIGURE 2. DP8514 Functional Diagram 
The DP8.514's synchronizer/MOS clock driver function 
would be required on every memory board in a system. The 
synchronizer function receives the DP8514 reference sig­
nals, X OUT and DATA OUT, off of the backplane and pro­
vides controlled duty cycle 2 phase MOS clock drive for the 
DP8510 or DP8511 Bit BLT Processing Units associated 
with each color plane. The DPS.513 incorporates a synchro­
nizer/MOS clock driver function identical to the DP8.514's 
which is used to drive the Raster Graphics Processor. This 
configuration enables the RGP to maintain phase alignment 
with each of the remotely located Bit BLT units it com­
mands. 

Increasingly higher screen resolutions require higher pixel 
and video shift register load clock rates which in turn push 
the VDRAMs to be operated near their maximum specified 
frequency. In a multiple board system the video shift regis­
ters and DAC's must be contained on the mother board 
while their VDRAM data is received through a backplane 
from another board. This configuration is necessary be­
cause the EGL signals, which the video shift registers and 
DACs required, aren't suited for distribution out through the 
backplane. Clocking VDRAMs from a source on the mother­
board and receiving data back from them through the back-
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plane presents some significant timing problems. The back­
plane introduces clock waveform distortions and driver/re­
ceiver delays which limit data throughput. The total delay 
associated with the transfer of VDRAM data to the video 
shift register must not exceed one load period. This opera­
tion involves clock and data signals propagating through 
two receivers, one VDRAM access time, and one driver. As 
the load clock cycles approach 40 ns, satisfying the timing 
requirements becomes a significant challenge, 

The DP8.513 and DPS.514 address these multiple board tim­
ing problems associated with the backplane. The DPS.513 
provides several different gated load clock outputs which 
help to eliminate the one load clock transfer constraint. The 
DPS.514 contributes by providing a means of reducing the 
reference clock phase skews between boards and eliminat­
ing concerns about the clock waveform distortions intro­
duced by the backplane. 

Figures 3 and 4 shows how the DPS.513 works in conjunc­
tion with the DP8.515 video shift register which has an on­
board FIFO to simplify the load clock timing. The sequence 
begins with the processor issuing a video unblank signal to 
the DP8.513's ENIN1 input. This begins a train of load clock 
pulses out of the DP8.513's LCLK1 output synchronous with 
the next load clock transition. These pulses will travel down 
the backplane and result in data being strobed out of the 
VRAM's serial port. The DP8.513's ENOUT1 pin to ENIN2 
pin connection results in a train of load clock pulses 
(LCLK2) beginning one load clock cycle after LCLK1 which 
also travels down the same backplane path. This LCLK2 
train of pulses will be routed back to the motherboard along 
the same path as the VDRAM's output data. The LCLK2 
train of pulses thus strobe the VDRAM data into the video 
shift register's FIFO port with a setup time dependent only 
on the VDRAM access specification. The connection of 
ENOUT2 to ENIN3 on the DPS.513 provides a train of load 
clock pulses (LCLCK3) which lags the LCLK2 output pulse 
stream by 4 load clock cycles. The LCLK3 train of pulses 
are EGL and are used to load the FIFO data into the shift 
register. This offset enables the FIFO to fill itself up and 
allow VDRAM to FIFO data write transfers to operate asyn­
chronously from data read transfers to the shift register. 

The DP8.514's oscillator outputs, X OUT and DATA OUT, 
which are routed out to the backplane are received and 
resynchronized on all the boards by a D flip flop's data and 
clock inputs residing within either a DPS.513 or DPS.514. 
This method of sending the reference clock around the sys­
tem ensures that the receiving device can easily regenerate 
a synchronous output with a controlled duty cycle irrespec­
tive of the distortion introduced by the backplane drivers 
and receivers. This becomes increasingly important as MOS 
processors are driven closer to their rated operating fre­
quency. The DP8.514's architecture additionally minimizes 
system clock skews by virtue of its synchronizer/MOS clock 
driver functional block being identical to the DP8513's. 



This configuration results in the MOS clock transitions coin­
ciding with the pixel and load clock phase transitions gener­
ated by the DP8513's PLL functional block. 

Utilization of a stable low cost crystal resonator as a refer­
ence source and matched internal delay paths enable the 

ENOUT1 LCLK1 

LCLK2 

DP8513 LCLK3 

PCLK 

PCLK 

LCLK1 __J 

LCLK1 

LCLK2 

LCLK3 

critical graphics clocks generated by these devices to exhib­
it good temperature and supply voltage insensitivity. The 
combination of these two products provide system timing 
solutions which are difficult to obtain with off the shelf MSI 
components. 

SCLK 
VD RAM 

TL/F/10005-3 

TL/F/10005-4 

FIGURE 3. System Configuration and LCLK Waveforms Using a VSR Containing FIFO 
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FIGURE 4. System Interconnect Diagram 
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DP8512/13/14 
Video Clock Generator 
Evaluation Board 

GENERAL DESCRIPTION 
This Evaluation Board was designed to demonstrate some 
key features of the Video Clock Generator family of integrat­
ed circuits. Three chip types will be discussed in this note, 
those being: DP8512, DP8513 and the DPB514 (DP8530 will 
not be discussed). 

The DP8512 is a clock generator designed to drive high 
speed ECL shift registers and DAC's in a graphics system. It 
generates an ECL pixel clock (PLCK), load clock (LCLK) 
and MOS microprocessor clocks. The DP8512 includes an 
on-chip crystal oscillator circuit (XTLB, XTLC). 

The DPB513 is identical to the DPB512 with the exception 
that the crystal oscillator inputs are replaced with TTL inputs 
designed to accept a pair of external reference signals. 

The DP8514 is a crystal clock generator designed to gener­
ate a 2 phase non-overlapping MOS Clock derived from an 
on-board crystal oscillator circuit. It also includes a synchro­
nizer circuit used to eliminate clock duty cycle distortion in 
multi-board applications. The DP8514 interfaces directly 
with the DP8513. Three configuration schemes for these 
clock chips are shown in Figures 1 through 3. 

Figure 1 shows the selection of clock components for a 
single board design. The appropriate clock product is a 
DPB512 for a single board application. All the necessary 
clocks are generated on-chip in conjunction with an external 
crystal. All the outputs from the DPB512 are terminated 
within the domain of the single board. 

Figure 2 shows the most common multiple board configura­
tion. The appropriate clock products for. a multi-board de­
sign include a DP8513 and multiple DPB514's. Alignment of 
clock edges from board to board is optimized by utilization 
of multiple DPB514 clock devices. This device helps to elim­
inate performance degradation due to delays and duty cycle 
variations down the backplane. The DP8513 is designed to 
accept the backplane reference signal generated by the 
DPB514. All the high speed EGL signals related to the 
DAC's and Video Shift Registers are confined to the mother 
board. No ECL signals need to be shipped across the back­
plane. Each of the daughter boards contains a DP8514 
which drives its local BITBLT units and frame buffer memo­
ries. The portion of the DPB514 which is used on the daugh­
ter board is a re-synchronizer /MOS clock driver for driving 
the local BITBLT and frame buffer memories. The 

National Semiconductor 
Application Note 604 
Craig Davis 

DPB514 receives 1! and 2! reference clock signals from 
the backplane originating from a DPB514 on the mother 
board. The DP8514s on the daughter boards receive these 
two signals and output a 1/, 2 phase non-overlapping MOS 
clock. This clock is now duty cycle corrected by the 
DPB514's resynchronizer circuit. 

Figure 3 shows a configuration which enables a user to syn­
chronize very high speed EGL signals in a multi-board appli­
cation. The ECL signals are all phase aligned to a common 
low frequency clock derived from the backplane. This de­
sign eliminates the need for an ECL controlled impedance 
backplane bus. 

The Evaluation board demonstrates attributes of each of 
the above three figures. The board is capable of exercising 
the DP8512/13 to its maximum pixel clock rate of 225 MHz. 
It contains one socket which accepts a DPB512 or DPB513 
device (U1) and two DPB514 sockets. One DPB514 (U2) is 
configured as a crystal oscillator without using the MOS 
clock driver section. The other DPB514 (U3) is configured as 
a MOS clock driver. Jumpers on the board (J1 thru J4) allow 
flexibility of reference clock signal routing. 

RGP 
DP8500 

VRAM 

PARALLEL 
VIDEO DATA 

TL/F/10398-1 

FIGURE 1. Clock Chip DP8512 In Single Board 
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FIGURE 2. Multiple Board Configuration 
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FIGURE 3. Special Multi-Board Configuration Using DP8513 Devices 

CIRCUIT DESCRIPTION 

The DPB512/13 devices are digital PLLs containing two 
phase comparators whose outputs are brought out at 
OPAMP1 and OPAMP2 respectively (see Figure 4). Only 
OPAMP1 is used in this Evaluation Board. The refer-
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ence input to the phase comparator is SOUT, whose origin 
is either a crystal for the DPB512, or an external source for 
the DPB513. 
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The other input to the phase comparator is LCLKO, which is 
the divided down VCO signal output of the L Counter. The 
LCKLO signal is phase and frequency compared to SOUT. 
Any phase error between these two signals results in a cor­
rection of the voltage into the external VCO control element, 
varactor VR1, via the OPAMP1 output. This voltage is pro­
portional to the amount of phase error and tends to drive 
the frequency of the VCO in the direction which, when divid­
ed down, minimizes the LCLKO to SOUT reference signal 
phase difference. When the phase transition of LCKLO oc­
curs before that of the reference input (SOUT), the VCO 
frequency is sensed as being too fast and produces a nega­
tive going correction voltage to VR1. This in turn slows 
down the VCO and delays the following occurrences of the 
LCLKO's phase transition. The device's PLL architecture 
makes it possible to generate output clocks with frequency 
tolerances identical to the crystal reference. In addition, 
when the reference input signal is a backplane signal, the 
generated clocks are positive transition phase aligned with­
in ± 2 ns to this reference due to the closely matched de­
lays in the phase comparator. 

Both the Primary and the Secondary phase detectors have 
negative edge sensitive inputs. However, the Primary phase 
detector inputs appear on LCKO and SOUT via inverters. 
This gives the appearance that the Primary loop phase de­
tector is positive edge triggered. 

Before beginning to describe the circuit, it must be noted 
that this application board only supports the major functions 
of the DP8512/13. The Secondary Loop function for Gen 
locking and various load clock enable functions is not dem­
onstrated. 

The DP8514, component U2, functions as a stand alone 
crystal oscillator. The crystal frequency and half crystal fre­
quency are output on pins XOUT and DATA OUT. These 
two signals are intended to be sent out on to a backplane 
and used as a frequency reference by either clock genera­
tors or MOS clock drivers located on each of the boards in 
the system. When using the DP8514 as a frequency refer­
ence for the DP8513, it should be noted that the half crystal 
frequency is the effective input reference frequency. The 
DP8514, component U3, demonstrates the device used as 
a synchronizer and MOS Clock driver. The synchronizer is a 
D register which has a clock input, REFCLK, a data input, 
REFIN and a mode control input, SEL, which allows the 
REFCLK input to control the synchronizer's output. This fea­
ture allows either the clock or the resynchronized + 2 clock 
to be fed to the MOS clock driver. The DP8514's SYNC 
output is a TTL equivalent output in phase with the PHl1 
MOS clock output. The SEL input is grounded on the board 
to demonstrate the resynchronized clock input mode. 

The DP8512/13, component U1, is the Graphics Clock 
Generator. It utilizes a high frequency VCO (Voltage Con­
trolled Oscillator) phase locked to a crystal reference Ire-
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quency. L 1 is the major element in the VCO. Varactor VR1 
and capacitor C14 complete the resonant circuit. The induc­
tance value of L 1 is chosen by the user to operate the VCO 
at the desired pixel clock frequency. When using a DP8512 
in the U 1 position, U2's reference frequency inputs should 
be disconnected by pulling out the jumpers J1, J2 and plac­
ing the crystal and capacitors C15 and C16 into their posi­
tions. Note that the DP8512 crystal frequency is not divided 
by two as in the case of the DP8513/DP8514 combination. 

Varactor VR1 is controlled by OPAMP1, a phase compara­
tor output. The voltage on this pin has a compliance of 
about 4V. This is sufficient to vary the capacitance of VR1 
from 25 pF (4V) to about 40 pF (1.0V). C13 is a DC blocking 
capacitor. It should not be increased in value much above 
4 70 pF, otherwise it may affect the loop response since R2 
and C13 form a low-pass filter. C17, C18 and R1 form the 
primary loop filter. The value of these components are dis­
cussed in the Loop Filter Calculations section. 

Jumpers (J6) are provided on the board to program the S 
and L counters. These jumpers are labeled LO, L 1, L2, L3 
and SO, S1 and S2. These jumpers program U1 to divide the 
reference frequency in accordance with Tables I and II. The 
S counter divides the crystal reference frequency down to a 
load clock rate compatible with VRAM cycle times. The L 
counter provides the appropriate division rate for the Video 
RAM parallel to serial conversion operation. Note that in­
puts LO thru L3 are bypassed to Analog + 5V by C9 thru 
C12. This is very important for correct device operation. 
They should be very close to the device. In some applica­
tions noise on supply or VCC lines can cause problems. 
Capacitors C9 thru C12 eliminate the problem. R3 thru R6 
are provided to terminate the ECL pixel and load clocks. JS 
allows the termination resistors to be returned to VCC - 2V 
or ground. 

TABLE I. S Counter Division Codes 

s 
MOD $2 

1 L 

2 L 

3 L 

4 L 

5 H 

6 H 

7 H 

8 H 

L ~ TTL Level Low Input 
H ~ TTL Level High Input 

S Counter Inputs 

S1 so 
L L 

L H 

H L 

H H 

L L 

L H 

H L 

H H 

• 



TABLE II. Counter Division Codes 

L 
MOD 

4 

8 

12 

16 

20 

24 

28 

32 

36 

40 

44 

48 

S2 

S6 

60 

64 

0 ~ VEE or OPEN 
1 ~ VECLO 

L3 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

L Counter Inputs 

L2 L1 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 

LO 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

LCLKO, SOUT, PHl1A and PHl2A are available for on-board 
monitoring. During operation, LCLKO is phase locked to 
SOUT. 

USING THE DP8512/13/14 EVALUATION BOARD 

There are three key items to adjust before using the evalua­
tion board. The first adjustment involves setting the VCO to 
operate at the desired pixel clock frequency. The values of 
the tank components, L 1, C14, VR 1, determine the VCO 
oscillation frequency. 

The second item involves setting the desired Video Shift 
Register word width. The width of the video word deter­
mines the modulus of the L counter. For example if the vid­
eo word is 16 pixels long, then the L counter is set to divide 
by 16. The modulus of the L counter is settable in incre­
ments of 4 bits up to 64. Setting is done on the board by 
moving the jumpers on J6 (LO, L 1, L2 and L3) to either the 
Logic "HI" or Logic "LO" position. 

The third adjustment involves setting the S counter modulus 
to allow the graphics processor to operate at the highest 
possible rate which is some multiple of the load clock fre­
quency. The PLL uses the LOAD CLOCK and SOUT fre­
quencies internally as phase detector inputs for the main 
loop. Phase locked operation occurs when the frequency of 
these inputs are identical. As mentioned previously, the S 
counter can be programmed to divide the crystal reference 
frequency by any number from 1 to 8. For example if we 
select a 20 MHz crystal for the DP8S12, a graphics proces­
sor can derive its system clock from the PHl1 and PHl2 
outputs at 20 MHz. If the S counter is set to divide by 2, (SO 
= High, S1 = Low, S2 = Low) then the actual frequency 
available at SOUT and simultaneously applied to the PLL, 
will be 10 MHz. 

Using the above example, let us choose a VCO frequency 
of 80 MHz and set the L counter accordingly. 
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fvco = 80 MHz 
!sour = 10.0 MHz 

Therefore L counter modulus is 80 + 1 O = 8. Once this has 
been done the board is ready to use. 

INITIAL BOARD ADJUSTMENT PROCEDURE 

Note: Although this procedure is specific to the 
DP8S12/13/14 Evaluation Board, it can be used as a gener­
al procedure for setting up or trouble shooting most boards 
using the Video Clock Generator PLL circuits. 

1. Apply + SV Power to ANALOG + SV and DIGITAL + SV. 
For single supply operation, use the traces on the bottom 
of the board to short the Analog + SV and Digital + SV. 
Analog and Digital Grounds also have traces which can 
be shorted together. 

2. Apply +3V to the ECL Termination resistors (Load Pow­
er). Ensure that jumper JS is shorting the middle pin to the 
topmost pin. This connects + 3V to the common point of 
R3 thru R6, providing ECL loading for the pixel and load 
clocks. 

3. Connect a voltmeter to pin 1 S, the OPAMP1 output of the 
DP8S12/13. This is the VCO control voltage applied to 
the varactor VR1. A test point is available on the board 
right above R1 for this purpose. While monitoring the 
VCO voltage, adjust L 1 until the voltage is about 2.S Voc-

4. a. If using the DP8S13, ensure that J1, J2, C19, C20 and 
XTL2 are in place, while C1 S and C16 are absent. 

b. If using the DP8S12, remove J1 and J2 jumpers and 
ensure that XTL 1, C1 S and C16 are in place. 

S. Check · that SOUT and LCLKO waveforms are phase 
locked. The pixel clock outputs will now also be phase 
locked since LCLKO is directly derived from the VCO. 

IN CASE OF DIFFICULTY 

If the board does not operate correctly, check that the S 
and L counters are programmed correctly. There are sever­
al things that can be checked to quickly determine the 
cause of a problem. Following is a troubleshooting se­
quence which in most cases will lead to a successful resolu­
tion of clock generator locking problems. 

1. With an external power source, apply 2.S Vdc to pin 1 S of 
the DP8S12/13. This overrides the OPAMP1 pin thus set­
ting the varactor VR 1 to its final desired operating condi­
tion. 

2. Check that the frequency of SOUT is the crystal frequen­
cy divided by the modulus of the S counter. 

3. Check the frequency of the LCLKO output. It should be 
close to the SOUT frequency. Adjust coil L 1 until the 
LCLKO frequency is close to the SOUT frequency. If there 
is no output or an unstable wave form on LCLKO, indica­
tions are that the VCO tank circuit is not oscillating. 
Check the orientation of capacitors C13 and C14. Induc­
tor L 1 should be a high Q RF coil. If problems persist, 
ensure that C9 through C12 are in the circuit. 

4. Check the frequency and amplitude of the ECL PCLK out­
puts. They should be about 0.8V peak to peak, at the 
appropriate pixel rate. If not, check that the ECL outputs 
are properly terminated and that JS is in the correct posi­
tion. The pixel rate is SOUT times the L counter modulus. 

s. If L 1 does not adjust to the correct frequency, check that 
C14 is connected and is the correct value (C13 should 
remain at 270 pF). Check that L 1 is the correct induc­
tance for the chosen pixel frequency. 



6. When using the DP8513 and DP8514 combination, the 
XOUT output of the DP8514 can overshoot below ground 
due to extraneous lead inductance. This may cause erro­
neous phase lock. Placing a 1000 series resistor and a 
5 pF capacitor to ground will cure this anomaly (the ca­
pacitor connects to the REFIN side to ground). 

7. Remove the 2.5 Vdc supply from pin 15 and connect in its 
place an oscilloscope. Adjust L 1 until the OPAMP1 volt­
age is approximately 2.5 Vdc. LCLKO should now be 
phase locked to SOUT. If the OPAMP1 voltage on pin 15 
is stuck at 4V, either the coil has too much inductance or 
the L counter is set to a modulus that is too high. Con­
versely, if the VCO voltage is stuck at around 300 mV, the 
coil does not have enough inductance, or the L counter 
modulus is set too low. If the OPAMP1 voltage oscillates, 
the loop compensation components may be in error. Con­
sult the Loop Filter Calculation section C18, the capacitor 
in series with R 1, should be approximately 1 O to 15 times 
the value of C17). 

Shown in Figures 5, 6, and 7, are the typical waveforms. 

SOUT 

LCLK 0 

TL/F/10398-5 

FIGURE 5. SOUT vs LCLKO Waveforms 

SOUT 

LCLK 0 

TL/F/10398-6 

FIGURE 6. SOUT vs LCLKO Close Up 
(Note absence of any phase jitter) 
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FIGURE 7. Typical Output Waveforms 

DP8512 LOOP FILTER CALCULATIONS 

Several constants need to be known in order to determine 
the loop filter components. They are the loop divide ratio N, 
the phase detector gain Kp. the VCO gain K0 , the loop 
bandwidth w0 and phase margin cf>. 

The constant Kp is fixed at 80 µA/rad for the DP8512. N is 
simply the L counter modulus for the main loop. For the 
secondary loop, N is the S counter modulus times any exter· 
nal division between the SOUT pin and the RGP HORIZ pin 
(i.e., if S = 1 and there is a division by 100 counter between 
SOUT and RGP HORIZ, N = 1 x 100). A 60' phase margin 
is recommended, however the equations allow other values 
to be used if desired. 

The oscillator gain constant K0 can be obtained from the 
VCO components table or determined experimentally. This 
is done by driving R2, the 27 kO resistor which normally 
connects the varactor to the OP AMP output, with an exter­
nal power supply. Set the supply to VEE + 3V and note the 
PCLK frequency. Next, set the supply to VEE + 2V and 
note the frequency again. The difference in these two fre­
quencies (times 21T to convert to radians) is K0 • For opti­
mum performance the desired PCLK frequency should be 
somewhere between the two frequencies measured above. 
This may require adjustment of the coil. 

Before choosing a value of w0 , one fact should be pointed 
out: R2, the 10 kO resistor and C13, the 270 pF coupling 
capacitor between coil and the varactor, form a low pass 
filter with a cutoff frequency of about 60 kHz. Thus the loop 
bandwidth must be chosen to be less than this value. We 
recommend (1000 Hz to 30 kHz times 21T) for w0 . 

Having found all these constants, the following equations 
are used to find the component values: 

R1 = 1.08 N w0 /Kp K0 

C18 = 3.46 Kp K0 /N w0 2 
C17 = 0.27 Kp K0 /N w02 

To use a phase margin of other than 60' use the following: 

R1 = (N w0 /2 Kp K0 ) (cosec cf> + 1) 
C18 = (2 Kp K0 /N w02) (tan cf>) 
C17 = (Kp K0 /N w0 2) (sec cf> - tan cf>) 

• 



Example: Design a system with the following characteristics: 

• External horizontal synch of 76.8 kHz 
• 1024 pixels per line (1280 pixels including retrace) 
• 8-bit wide video data 
• 20 MHz processor rate 
• 1024 X 1024 Monitor resolution 
• 20 MHz processor clock rate 
• 60 Hz refresh rate , 

Note that this system will sync to an external source so that 
both loops must be used. 

The PCLK frequency will be: 

60 Hz (Refresh rate) 
x 1024 (Horiz) 
x 1024 (Vert) 
x 1.128 (H retrace) 
x 1.128 (V retrace) 

= 80 MHz 

The components in Figure 8 will be used. Note that Ko = 
19 Mrad/V. Because it is an 8-bit wide system the L counter 
modulus must be 8. By choosing Cllo = 21T times 30 kHz the 
equations give: 

R1 = 1500, C18 = 1.0 µF and C17 
= 0.08 µF (use C17 = 0.1 µF) 

VCO INDUCTANCE VALUES FOR DP8512/13 

1 1 
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FIGURE 8. Circuit of VCO External Components 

The Secondary Loop filter component values will be deter­
mined in a similar fashion. Note that the value for Ko for a 
crystal or ceramic resonator VCO are markedly smaller. In 
choosing Cll0 , it should be noted that Cllo for the secondary 
loop should be smaller than Cllo for the primary loop, so that 
the main loop will be able to track the secondary without 
losing lock (Table Ill shows various C values versus pixel 
frequencies). 

TABLE Ill.Land C Values versus Plxel Clock Frequencies 

Frequency L(µH) 
Suggested 

Vendor 

20 4.2 DELEVAN 
40 1.0 DELEVAN 
60 0.465 COILCRAFT 
80 0.264 COILCRAFT 
100 0.120 COILCRAFT 
120 0.090 COILCRAFT 
140 0.075 COILCRAFT 
160 0.086 COILCRAFT 
180 0.070 COILCRAFT 
200 0.037 COILCRAFT 
220 0.037 COILCRAFT 

COMPONENT SOURCES: 

DELEVAN-AMERICAN PRECISION INDUSTRIES 

Electronic Components Group 

Delevan Division 

Part No. 

9405-20 
9405-12 

146-10J08 
146-06J08 
146-04J08 
150-03J08 
150-02J08 
150-02J08 
150-02J08 
150-01J08 
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APPENDIX 

DP8512/13 PCB LAYOUT CONSIDERATIONS 

1. Use separate Vee and GND branches for the analog 
(VECL 0, 1, Vee) versus digital (VTTL 0, 1 and GND 0, 1) 
supply pins. Use of the ferrite beads between the branch­
es is also highly recommended. 

2. Bypass supplies right at the device. (Preferably right un­
der the device using surface mount components.) 

3. Ground unused inputs to reduce noise generation (eg. 
ENIN1, ENIN2). 

\ 4. Bypass LO, L 1, L2, L3, to VECLO close to the device. 

5. Mount VCO coil L 1, varactorVR1, C13 and C14 right next 
to VC01, VC02 pins. Ground for VR1 and C14 should 
return to a single point at Vee pin 7. 

6. Place varactor diode and associated DC blocking capaci­
tor (270 pF) right next to the VCO coil. 

7. Place capacitor from VC02 to Vee right next to VC02 
and VCO coil. 

8. If using multi-layer layout with dedicated Vee and Ground 
planes, ensure that: 

a. For power, VECL 1 and VECLO should have their own 
small isolated ground plane (Analog Vee). 

b. For ground, the two Vee pins should have their own 
small isolated ground plane (Analog GND). 

ADDITIONAL DP8512 APPLICATIONS 

1. External Drive of VCO input. 

Parasitic capacitance limits the upper frequency of the inter­
nal Pierce oscillator on the DP8512 to approximately 
225 MHz. In order to operate above this frequency, an ex­
ternal oscillator must be capacitively coupled into the oscil­
lator pins. When driven externally, operation to 300 MHz 
can be achieved. 

The circuit in Figure 9 can be used to drive the VCO input of 
the DP8512. Note that the VC01, the base of the internal 
oscillator transistor, (see VCO INPUTS diagram, page 11 of 
DP8512 data sheet) must be pulled up to VC02, the collec­
tor. A suggested value of resistance is 2.2 kn. The drive 
level into VC02 should be in the range of -10 too dBm. 

0 to -10dbm ~200t Gen.Level 1-,----t VC02 

504 2kA? 

- ,___ VC01 

DP8512 

TUF/10398-9 

FIGURE 9. External Drive of DP8512 VCO 

2. External. Drive of VCXO input. 

The DP8512 contains an internal oscillator designed to be 
used as a master clock from which the other frequencies 
are derived. This oscillator is generally used with an external 
crystal. This crystal may stand alone, or be phase locked to 
another source via the Secondary Loop within the DP8512. 
Locking is accomplished via a varactor diode within the 
crystal oscillator circuit (VCXO). 
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If the desired degree of frequency shifting lies beyond the 
range of the crystal, then other oscillator elements must be 
considered. An alternative to a crystal is a ceramic resona­
tor. Conventional ceramic resonators are not suitable for 
VCO applications due to their spurious anti-resonant oscilla­
tion modes. Special low Q ceramic resonators are neces­
sary in this application. 

If desiring to use an external oscillator, special considera­
tion must be given to interfacing the VCXO pins, namely 
XTLB and XTLC (pins 21 and 22). These pins are not TTL 
compatible. It is recommended that the XTLC pin be driven, 
while leaving XTLB open. The input signal must be in the 
range of 400 mV to 600 mV peak-to-peak. The circuit in 
Figure 10 is suggested. 

4.SV l'1 
ov-l L.. 

R1 
5kA 

R2 
1 kA 

XTLC 

DP8512 

xns 
VEE 

TL/F/10398-10 

FIGURE 10. External Drive of DP8512 
Crystal OSC. Inputs 

Note that R 1 and R2 form a voltage divider that reduces a 
TTL signal to an acceptable level. When combined with the 
effective input impedance of the XTLC input, the resulting 
signal level is approximately 500 mV p-p at 1 O MHz, the 
frequency at which the above circuit was tried. 

Several precautions are necessary in order to ensure that 
extraneous noise not be injected into this input. If an exter­
nal reference signal is utilized, precautions should be taken 
to ensure that extraneous noise is not injected into the part 
as a result of dissimilar ground references. The internal os­
cillator is referenced to VEE and consequently R2 should be 
placed close to the DP8512's VEE pins. The circuit shown in 
Figure 10 will provide approximately the same effective sig­
nal into the DP8512 XTLC input whether the device is being 
used in either common or split supply mode of operation. 

3. Loop Jitter Considerations 

The most critical layout area of the board Is related to the 
VCO. It is very important that the analog supplies to which 
the VCO components are connected are isolated, as well as 
possible, from any digital noise sources. Digital noise Im­
pressed on the vco signals has recently been observed to 
induce phase modulation onto the VCO's output frequency. 
Under certain conditions relating to layout, frequency of op­
eration, power supply bypassing, and output loading, the 
digital noise may cause the loop to exhibit some amount of 
jitter. This can be observed by viewing LCLKO on an oscillo­
scope while triggering the scope from SOUT. The result will 
be a blurry trace. Careful attention to proper supply bypass­
ing and good RF layout techniques may eliminate the jitter. 
If it does not, the external VCO circuit shown in Figure 11 
can be used to further decouple the VCO from the power 
supply and reduce the jitter. 
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FIGURE 11. External VCO Circuit 

The PN3653 is a high frequency oscillator transistor. To re­
duce component count the 1000 pF capacitor and the 
27 kO resistor may be eliminated by simply returning the 
anode of the varactor to the emitter of the transistor. This 
will result in a control voltage range reduction of about 1 V 
which may or may not be acceptable depending on system 
requirements. 

DP8512 PHASE DETECTOR/CHARGE PUMP LINEARITY 
TEST 

Figure 12 demonstrates the zero dead band characteristics 
of the DP8512/13 phase detector or charge pump circuitry. 
Note the linearity at the zero phase offset crossover point. 
When the device is locked, the phase jitter is imperceptible. 

1. 40 
30 I I 20 

u 10 

~ 0 
~ -10 ! -20 
u -30 
~ -40 

i -50 
... -60 

7 

/ v z v 
~ 

~ 

-30 -20 -10 0 10 20 
,,,RGP HORIZ,I 

FIRST 1--EXT REF FIRST 

PHASE OFFSET· ns 
TL/F/10398-12 

FIGURE 12. DP8512/13 Phase Offset 
versus Charge Pump Current 
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By changing T as shown in Figure 13 and plotting the cur­
rent delivered by CP02, we are able to see that there is no 
deadband associated with the phase detector. This is guar­
anteed by the phase detector shut off mechanism which 
requires both the pump up and pump down currents in the 
charge pump become active before the phase detector will 
turn off the charge pump. 

The pulse repetition period used in the test was 250 ns, 
pulse width was 50 ns LOW (phase detector 2 triggers on 
the falling edges) and rise and fall times were 3 ns. 

Phase detector 1 is more difficult to test because of the 
counters in the loop, however the circuitry is identical to that 
of Ph. Det. 2, therefore it also exhibits zero deadband. 

A 
RGP HORIZ 

HP Dual Channel DP8512 Pulse Generator 
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CP02 OPAMP2 
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T 
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FIGURE 13. DP8512/13 Phase Detect/Charge 
Pump Linearity Test Setup 



DP 8512/13/14 EVALUATION BOARD CIRCUIT LAYOUT 

Following are illustrations of the DP8512/ 13/ 14 Evaluation 
Board printed circuit board (see Figures 14, 15 and 16). 

Shown also are the PCC Socket diagrams viewed from the 
bottom side (see Figures 17and 18). A parts list is included 
in Table IV. 

TUF/10398-14 

FIGURE 14. Solder Side, DP8512/13/14, Evaluation Board 

TL/F/10398-15 

FIGURE 15. Component Side, DPB512/13/14, Evaluation Board 
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FIGURE 16. Silk Screen, Component Side, DP8512/13/14, Evaluation Board 
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TABLE IV. Parts List 

DES Description Part No. Suggested Vendor 

L1 See Table See Table Ill See Table Ill 
U1 DP8512 or DP8513 National Semiconductor 
U2 DP8514 National Semiconductor 
U3 DP8514 National Semiconductor 

NEL Frequency Control Inc. 
XTL1 40 MHz Crystal NE-18 B 357BelliotSt. 
XTL2 40 MHz Crystal NE-18 B Burlington, WIS. 53105 

(414) 763-3591 

R1 27001/4W5% Res. 
R2 27 kO 1/4W 5% Res. 
R3 510 1/4W 5% Res. 
R4 510 1/4W 5% Res. 
R5 51!l 1/4W5% Res. 
RS 5101/4W5%Res. 
R7 4.7k 1/4W5% Res. 
R9 5.1 k Chip Res. 

C1 1 O µF Electrolytic 
C2 0.1 µF Ceramic Cap. 
C3 O.Q1 µF Chip Cap. 
C4 100 pf Chip Cap. 
C5 1000 pf Chip Cap. 
C6 0.01 µF Chip Cap. 
C7 0.1 µF Chip Cap. 
CB 1 O µF Electrolytic 
C9 0.01 µF Chip Cap. 
C10 0.01 µF Chip Cap. 
C11 O.Q1 µF Chip Cap. 
C12 O.Q1 µF Chip Cap. 
C13 470 pf Chip Cap. 
C14 30 pf Chip Cap. NPO 
C15 30 pf MICA Cap. 
C16 30 pf MICA Cap. 
C17 O.Q1 µF Ceramic Cap. 
C18 1.0 µF Ceramic Cap. 
C19 30 pf Ceramic Cap. 
C20 30 pf MICA Cap. 
C21 0.1 µF Chip Cap. 
C22 O.Q1 µF Chip Cap. 
C23 O.Q1 µF Chip Cap. 
C24 0.1 µF Chip Cap. 
C25 0.1 µF Chip Cap. 
C26 0.1 µF Chip Cap. 
C27 O.Q1 µF Chip Cap. 
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A Graphics Acceleration 
Card for the AT Using the 
Advanced Graphics Chip 
Set 

1.0 OVERVIEW 
Members of the Advanced Graphics Chip Set (AGCS) are 
used in the design of an AT graphics card. The purpose of 
the design is to use a high-performance graphics microproc­
essor and coprocessors on the board to improve the AT's 
performance for graphics applications. 

2.0 ARCHITECTURE 
A graphics processor can be added to the A T's architecture 
to improve graphics performance. It is given the task of ma­
nipulating the pixels, freeing the main CPU to spend more 
processing time on other aspects of applications. In an AT 
using one of the standard graphics cards, the graphics 
frame buffer appears as an array in the CPU's memory map. 
To render graphics primitives, the main CPU must calculate 
the algorithms for the primitives and write the pixels into the 
frame buffer, accessing them one at a time. Hardware on 
the card generates the video timing and collects the data 
from the array to generate video signals for the monitor. 

Figure 1 is the system architecture using the 4-plane board. 
The DP8500 Raster Graphics Processor (RGP) and DP8511 
BITBLT Processing Units (BPUs) are used to render text 
and other objects in the frame buffer and generate the video 
signals. The RGP is optimized for rendering the graphics 
primitives; the BPUs allow parallel execution of the algo­
rithms in each bit plane. In a 4-bit per pixel design such as 
this one, images can be drawn at rates of up to 64 bits (16 
pixels) per memory access cycle. The number of pixels per 
cycle is constant for a RGP /BPU system independent of the 
number of bit planes. For example, a system with 32 bits per 
pixel renders at up to 512 bits per memory cycle, a rate that 
is difficult to attain with a general-purpose CPU architecture. 

The 4-plane board's memory is dual-ported to allow the 
RGP and main CPU to use it as a communication area. 
Upon power-up, the main processor resets the board and 
loads the RGP code into its memory. The RGP executes its 
ROM monitor after a reset has occurred; the main CPU tells 
it to branch to the start address of the downloaded code. 
The ROM monitor is also used with the debugger, which 
runs on the AT. In a typical application, the host CPU gives 
display lists to the RGP by writing them into its memory. 
After deposit of the display list the main CPU can resume 
execution of the application, while the RGP renders the ob­
jects in the screen buffer. 

Note that the host still has direct access to the screen buff. 
er, as in the standard architecture, allowing use with appli­
cations that do not take advantage of the graphics proces­
sor. Images can also be downloaded into the screen buffer 
directly from disk. 

3.0 FUNCTIONAL BLOCKS 
The following sections explain the design of each of the 
functional blocks in the architecture. Figures 14a through 
14m are the schematics. Figures 15 through 31 are the 
equations for the GALs. Figure 32 is the parts list. 

National Semiconductor 
Application Note 609 
J. Margeson 

3.1 Clock Generator 
The DP8512 Video Clock Generator (U2), with Y1, C3, C4 
and U3, generates the video and bi-phase CPU clocks. The 
DP8512 data sheet explains this circuit in more detail. The 
RGP and BPUs used the 20 MHz bl-phase clock (PHl1 and 
PH12). The clocks are buffered by U3 to go to other sections 
of the board. CK1 A Is used by the bus arbiter/timing genera­
tor and video plane controller. The parallel Interface se­
quencer is clocked by CK1B. CK1C is used as the 20 MHz 
pixel clock. In other designs, the pixel clock could be much 
higher; it is not limited by the RGP. CK2 clocks the regis­
tered PROMs and is used by U6 to generate the VDRAM 
row/column select, RSEL. The SOUT output is divided 
down to 1.25 MHz for use as LCK. 

3.2RGP 

The DP8500 Raster Graphics Processor (RGP) executes 
graphics rendering tasks given to it by the main CPU and 
generates the video timing. The RGP asserts ALE to re­
quest a memory cycle; BS1, BSO, Rand W indicate the type 
of cycle. It fetches instructions, accesses operands, uses 
the BPUs to execute drawing cycles, and loads the shift 
registers in the VDRAMs (video dynamic random access 
memories) with video data for display refresh. Execution of 
these memory cycles is discussed in the Bus Arbiter/Timing 
Generator section. 

The lower 16 address lines are latched by U7 and US on 
ALE. U11 buffers the upper 8 address lines. U9 and U1 o 
buffer the data lines. These five l.C.'s are in TRI-STATE® 
when the AT is accessing the RGP's memory. 

Video timing is generated from LCKL. Rising edges of LCKL 
are counted inside the RGP to generate DRREQ (display 
refresh request), VSYNC, HSYNC and BLANK, according to 
the software programmable video parameters. LCK, in this 
design, is 1.25 MHz (800 ns), representing 16 pixels; the 
video timing can be adjusted in software to this resolution. 

The HOLD signal is tied to Vee by jumper W1. This jumper 
should be in place, unless hardware modifications are made 
to the board. 

The details of the RGP operation are discussed in the 
DP8500 data sheet. 

3.3 Parallel Host Interface 

The AT can read and write devices in the 4-plane board's 
memory map. To execute one of these memory cycles, it 
asserts the proper address and strobe. The AT interface 
state machine handles the bus protocol; it holds the AT and 
requests to the memory arbiter for a remote access memory 
cycle. Data is transferred when the arbiter grants the cycle, 
then the AT is released. The AT bus does not have 16M 
words of space to map the board into, so segment registers 
are required to hold the upper portion of the on-board ad­
dress. There are also control registers for reset, interrupts 
and status. 
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U220 generates BDSELL (Board Select Latched, active 
low) and M16 (Memory Select 16-bit, active low) from AEN 
and the upper eight address lines of the AT bus. BOSELL is 
active when AEN is low and the proper address is asserted 
and is latched by BALE. The GAL is used as a transparent 
latch in this case by using BALE as an enable and feeding 
back BOSELL. The board resides in a 64k byte area in the 
AT memory map, the beginning of which is set by jumpers 
W2, W3 and W4. The base address can be set to OAOOOO 
(W2), 000000 (W3), AOOOOO (W4) or any combination (there 
can be multiple images of the board if desired). It is recom­
mended that the board not be used at base address 
OAOOOO or 000000. The board can only accept 16-bit ac­
cesses; byte accesses result in errors. AT address line O 
must be "O" for word transfers. If an alternate base address 
is desired then U220 can be reprogrammed. 

The AT's processor, in the mode used by DOS, can only 
access the first megabyte of the 16 megabytes addressable 
by the bus. The 4-plane card can reside above OFFFFFH if 
one of three schemes is used to access it: the A T's proces­
sor is switched into protected mode (allowing it to assert 24 
address lines instead of 20), OMA transfer is used, or a co­
processor card is used that is capable of bus mastership. In 
these cases, the board can be set to reside at AOOOOOH­
A 1 FFFFH (a double image). 

The interface is designed to execute 16-bit transfers to max­
imize the data transfer rate. The liiff6 signal is generated 
combinationally from the upper seven address lines. This 
signal tells the AT that a 16-bit transfer can be executed. If it 
is asserted too late, the access is split into two eight-bit 
accesses. Address line 16 can not be used to generate M16 
because it becomes valid much later than the upper seven 
address lines. In cases where the board is set to reside in 
the lowest megabyte of the AT bus space, address line 16 
must be ignored, requiring that the neighboring 64k byte 
area have a sixteen bit device mapped into it or no device at 
all. If the board resides in the upper 15 megabytes, then a 
128k byte space is used (a double image in memory), and 
address line 16 is ignored. 

When accessing the 4-plane board, 24 address lines must 
be asserted. The AT can not generate all of them during a 
read or write cycle, so the upper ten lines are held in a 
segment register. There are two segment registers on the 
board: one moveable pointer and one fixed pointer. The 
moveable segment pointer is set before the access is made. 
AT data line O corresponds to RGP address line 14, through 
AT data line 9 which corresponds to RGP address line 23. 
At the time of the access, the upper ten lines are driven by 
the register (U19); the lower 14 lines come from the AT bus, 
a segment size of 16k words. This register is also readable 
by the AT (U20). The board does not use RGP address lines 
16 and 19 which correspond to AT data lines 2 and 5. When 
the register is read, data lines 2, 5, and 1 O through 15 are 
undefined and must be masked if the address is to be used 
in any calculations. However, the register can be restored 
exactly as it was read because the board ignores these bits. 
For multiple accesses within the same segment, the seg­
ment pointer only needs to be set once. The offset into the 
area is determined by the lower AT address lines. AT ad­
dress line 1 corresponds to RGP address line 0, on up to AT 
address line 14 which corresponds to RGP address line 13. 
This scheme allows the AT to write to any memory location 
on the board. 
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The fixed segment register points to a 8k word contiguous 
area mapped onto the end of memory plane 3, RGP ad­
dresses 46E000-46FFFF. Using the fixed segment area 
eliminates the overhead of setting the pointer and allows 
multiple software tasks access the board without needing to 
save and restore the pointer. The monitor and debugger use 
this as a communication area. The fixed segment pointer 
drives the upper eleven address lines; the lower 13 lines 
come from AT address lines 1 through 13. Address lines 19 
and 16 are not used on the board, thus are not driven. 

The control and status registers are explained in the AT bus 
memory map. The AT can reset the board, assert its non­
maskable interrupt and maskable interrupt and examine its 
status. The RGP can deassert the maskable interrupt. 

The RGP can interrupt the AT by writing to a register in its 
memory map. The AT can deassert the interrupt. W10-W21 
select the interrupt to be used. 

AT Bus Memory Map: 
NNOOOO is the base address as selected by W2, W3 and 
W4. 

NNOOOO-NN7FFE: Moveable Data Area. The AT address 
can be derived in a C program by: 

AT_addr := ((RGP_addr < < 1) & 
Ox7ffe) + OxOONNOOOO; 

Read and Write. 

NN8000-NNBFFE: Fixed Data Area. The AT address can 
be calculated by: 

NNCOOO: 

NNC800: 

NNDOOO: 

NND800: 

NNEOOO: 

AT_addr := ((RGP_addr < < 1) & 
Ox3ffe) + OxOONN8000; 

Read and Write. 

Segment Pointer. The segment pointer 
can be calculated by: 

segmenLpointer : = (rgp_addr > > 
14) & Ox03FF; 

Read and Write. 

NMI Register. Any write to this location 
temporarily asserts the RGP's NMI line, 
which is edge sensitive. Write only. 

AT Interrupt Reset. Any write to this lo­
cation deasserts the interrupt from the 
4-plane board to the AT. It can be used 
to clear the interrupt when it is serviced. 
Write only. 

Board Status. The AT can read the 
present state of four signals on the 
board: 

03: RGP Reset (RSTI) 

02: RGP Halt (HAL n 

01: RGP Interrupt (INT) 

DO: AT Interrupt (ATINn 

Read Only. 

RGP Reset (RSTI). The RGP can be re­
set by writing a "1" into this register, 
followed by a "O". It must be set to "1" 
for a minimum of 800 ns. Reset initializ­
es the board, causing the RGP to begin 
execution of the ROM monitor. The de­
fault screen will be cleared and the re­
maining VDRAM will be undefined. 
Write only. 



NNE800: RGP Interrupt (INT). The RGP's level 
sensitive maskable interrupt can be as­
serted by writing a "1" into this register. 
Writing a "O" removes the interrupt re­
quest. The RGP also has the ability to 
reset the request. Write only. 

The AT interface sequencer is implemented in U221. Ac­
cesses to the control registers are transparent to the inter­
face sequencer; only data transfers requiring a 4-plane 
memory cycle are handled by the sequencer. A flowchart of 
the sequencer is shown in Figure 2. The sequencer remains 
inactive until the host attempts a data transfer to/from the 
board's memory. In the beginning of the access, the ad­
dress lines on the AT bus become valid, causing U220 to 
assert the M16 signal. U220 latches BOSELL on BALE. If 
the card is being accessed with a DMA cycle or by a coproc­
essor card, BALE remains high and the upper address lines 
remain valid throughout the entire cycle. 

REMACKD = 0 

The read or write strobe follows, causing U223 to asynchro­
nously return REMRDY low (an open collector line). Figure 
3 shows the timing of the access. While the AT is being 
held, the strobe is synchronized to CK1 B so that it can be 
input to the interface sequencer. The strobes are effectively 
latched twice for metastability: once before the sequencer, 
and sequencer transitions based on the strobes change 
only a single bit of the state variable. The first transition from 
the idle state sends a remote access cycle request to the 
arbiter (REMREQ). The arbiter/timing generator state ma­
chine executes a remote access cycle when it is the highest 
priority cycle requested. It is designed such that the AT is 
held much less than the maximum 2.1 µs in the worst case. 
The time period for the data transfer is delimited by the 
REMACK signal. In the case of a write, the data is driven 
onto the 4-plane's data bus by U23 and U24. For a read, 

REMREO = 0 Idle 
RDYHI = 0 

/BOSELL-&: (REMRL + REMWL) 
0 

REMACKD = 0 
REMREO = 1 
RDYHI = 0 

0 

REMACKD = 1 
REMREO = 0 
RDYHI = 0 

0 

REMACKD = 0 
REMREO = 0 

RDYHI = 1 

Request remote access cycle 

Execute Access 
(Always five states) 

Bring AT ready line high until 
read/write strobe Is removed 

/BOSELL-&: (REMRL + REMWL) 

FIGURE 2. AT Interface State Machine Flowchart 
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the data is latched into U23 and U24 on the rising edge of 
REMACK. After the transfer is made on the 4-plane board, 
RDYHI is asserted to inhibit the REMRDY signal. The data 
is driven onto the AT bus until the read strobe is removed. 
The arbiter/timing generator can continue executing other 
types of memory cycles once the transfer is completed, be­
fore the AT removes its read or write strobe. The interface 
sequencer returns to the inactive state after the host brings 
its read or write strobe high. 

Accesses to the data area by the AT are longer than most 
AT bus cycles, so their frequency should be minimized. 
These accesses also consume 4-plane board memory 
bandwidth, but will usually represent a small portion of it. 
They should not significantly reduce the RGP's rendering 
speed in most applications, because the number of memory 
cycles required to render objects is typically much greater 
than the number of accesses needed to transfer display 
lists. Control register accesses (addresses NNCOOO­
NNFFFE) do not add wait states to the AT bus cycle. 

3.4 VDRAM Refresh Generator 

VDRAM refresh requests are generated by a counter in 
U208. LCKL is divided by 20 to request cycles at 16 µs 
intervals. U6 holds the request until it is reset during refresh 
cycle by the timing generator. The request is synchronized 
in U18 to make setup time for U200. 

3.5 Memory Arbiter/Timing Generator 

Several actions requiring memory cycles have been dis­
cussed. Requests for these memory cycles come from vari­
ous sources; this circuit services the requests on a priority 
basis and generates the timing for them. 

The arbitration and timing generation is done by a sequenc­
er implemented in U200. Figure 4 is the flowchart of the 
sequencer. Six types of memory cycles are executed, listed 
from highest to lowest priority: 

A Display Refresh 

B DRAM Refresh 

C Host Processor Access 

D Instruction/Operand Read or Write 

E1 Drawing Read or Write 

E2 Drawing Read/Modify/Write 

Highest priority is given to branch A, the display refresh cy­
cle; it is the most latency-sensitive of the six cycles. This 
cycle is used to load the shift registers inside of the 
VDRAMs for video signal generation. The RGP generates 
the request for this cycle and the address for the load. 

The RGP internally arbitrates between display refresh and 
its processing and drawing cycles. A display refresh cycle 
request can be queued behind another RGP cycle that is in 
progress. The worst-case delay for entering the display re­
fresh cycle occurs when the RGP requests a drawing 
read/modify/write cycle just before it internally generates 
the display refresh request, preceded by a host processor 
access request, followed by a VDRAM refresh and a second 
host processor access request. The AT access is serviced 
first because the request arrives before the VDRAM refresh. 
The VDRAM refresh is serviced second, followed by the 
second AT access, the drawing cycle and then the display 
refresh. Two VDRAM refresh cycles will not occur in close 
proximity, which is also true of the display refresh requests. 

Once the cycle is entered, the sequencer can be held by the 
MIDSCAN signal to insure proper timing of the shift register 
load. If the load is done during video blanking then the cycle 
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is not held; the shift registers are not clocked during this 
period and timing of the load is not critical. If the load occurs 
in the middle of a scan line, then the sequencer is held until 
after the last shift of the previously loaded data. 
The VDRAM refresh cycle, branch B, is second in priority. 
The refresh requests are generated every 320 clock cycles. 
The request must be serviced and cleared before another is 
generated. The worst-case latency occurs when this re­
quest is made just after the RGP has started a drawing 
read/modify/write and it generates a display refresh re­
quest following the drawing cycle. This guarantees that 
RSTRRQ is asserted and deasserted before the next re­
quest is generated. 
The remote access cycle, C, is third in priority. The AT must 
be held until the remote access is completed, but the AT 
bus cycle must not be stretched longer than 2.1 µs (42 
clock cycles). If the bus is held too long then the AT's OMA 
controller may miss refresh cycles for its DRAMs. The worst 
case occurs when the AT initiates a remote access just after 
a read/ modify /write cycle has been started, followed by a 
VDRAM refresh request and a display refresh request. The 
remote access request will not be serviced until these three 
cycles are completed; the read/ modify /write cycle can not 
be interrupted after it is started and the other two cycles are 
higher in priority. 
Branches, D, E1 and E2 execute instruction/operand mem­
ory accesses, drawing read/writes, and drawing 
read/modify/writes respectively. These three cycles are 
used by the RGP for processing and drawing and are effec­
tively equal in priority as it will never request more than one 
of them at once. They are lowest in priority because they 
have no particular maximum latency; delaying them only 
slows RGP code execution. 
The VDRAM access time is reduced when consecutive 
drawing accesses have the same row address The drawing 
algorithms tend to operate on memory locations in close 
groups. The memory page size is 256 words, which is equiv­
alent to 4k pixels or 6.4 scan lines. The RGP generates a 
page break signal to indicate if a row address boundary has 
been crossed. At the end of a drawing cycle, the sequencer 
can loop back into another drawing cycle of either type, 
keeping RAS low and reducing the cycle time by 100 ns. 
This will occur if: a drawing cycle is requested, it is in the 
same page and there are no requests for higher priority cy­
cles. A display refresh cycle request will cause the RGP to 
break up the page of drawing accesses, because the arbi­
tration in this case is done inside the RGP. Request of a 
VDRAM refresh or host access causes the arbiter to force a 
page break. 
The AT interface sequencer requests a host access cycle 
by bringing REMREQ low. REMACK is returned to indicate 
when the transfer takes place. While REMACK = low, the 
buffers driving the address and data lines from the RGP are 
disabled so that the AT interface circuitry can drive them. 
REMACK also controls the multiplexing between the RGP's 
and AT's read and write lines. 
The REMREQ (Remote Request, active low) signal so that 
the host bus interface sequencer can indicate to the bus 
state machine that a remote access cycle is needed. 
REMACK (Remote Acknowledge, active low) indicates 
when the bus state machine is executing a remote access 
cycle. The host bus interface sequencer uses this acknowl­
edge signal to determine when the host data is to be trans­
ferred to/from RGP memory. 
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The sequencer equations in Figure 5 were compiled from 
the sequencer flowchart in. Figure 4. Figure 6 shows the 
equations after minimization.· The states were renumbered 
so that the equations minimized into sets of product terms 
that fit into the GAL20V8. Each output has eight available 
product terms. S'ff requires ten product terms, so the result 
of three of them was fed back from another output. The 
setup time is critical on some of the inputs, so product terms 
dependent only on present state and RESET were fed back. 

Figure 7 shows how the memory control signals are gener­
ated from the state variables; the minimized equations are 
shown in Figure 8. This logic is implemented in U201 and 
U202. 

3.6 Address Decoder/Memory Control 
The frame buffer is organized as four memory planes, as 
shown in Figure 9. Each pixel is represented by one bit in 
each plane. Each word in the array contains one bit of six­
teen pixels and is mapped to a unique address in the global 
address space. Multiple memory planes can be accessed at 
once during drawing cycles, so a separate drawing address 
space is used. This space ranges from 000000 to OOFFFF; 
each location corresponds to four words, one in each plane. 
In cases where one pixel is accessed such as line drawing, 
B(3:0) specify which of the sixteen pixels is selected. When 
INTPL = 0, the drawing source read comes from within 
each plane, as shown in Figure 10. Figure 11 shows the 
data path for a source read when the interplane bit is set. In 
this case, data is read from one plane into the four BPUs 
through the global data bus. The interplane BITBLT allows 
images to be copied from one plane to another and is con­
venient for rendering characters in all planes from fonts 
stored in a single plane. The data path for a destination 
write is shown in Figure 12. 

Some of the memory control signals are held in U16. This 
register is set before a drawing operation is executed. The 
write mask, WMASK (3:0), is used to enable/disable planes 
for drawing operations. The interplane bit, I NTPL, is used to 
select the BITBLT data source. Three of the bits in the reg­
ister are used as ·flags. The flags are connected to J7; 
FLAGO drives an LED. 

The BPU control register enable, BPU function register se­
lect enables, and device selects for the write mask, UART 
and PROMs are generated by U204. POLE and POE are 
used to access the pixel port and are generated by U206. 

The column address strobes, CAS(3:0), are generated by 
U203. The control lines BE(3:0) and DIR(3:0) for the buffers 
between the main data bus and the data busses on each 
plane (U102, U103, U112, U113, U122, U123, U132 and 
U133) are generated by U205 and U206. The row and col­
umn addresses are multiplexed by U12 and U13. U6 con­
trols the multiplexer by delaying RAS a half clock cycle. 

The BPUs are run one clock cycle behind the RGP so that 
some of the status signals generated by the RGP are avail­
able earlier. The BPU control signals are delayed by U4. 
The details of the BPU operation are discussed in the 
DP8511 data sheet. 

Software written for the DP850EB Evaluation Board can run 
on this board if the video parameters are altered; the old 
memory map is a subset of the new one. 
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RGP Memory Map: 
000000-0007FF: Monitor PROM (2k Words, Word = 16 

Bits) 

400000-40FFFF: Bitplane O (64k Words) 

420000-42FFFF: Bitplane .1 (64k Words) 

440000-44FFFF: Bitplane 2 (64k Words) 

460000-46FFFF: Bitplane 3 (64k Words) 

800001: BPU Control Register Enable (°CRE) 

800002: BPU Pixel Data Latch Enable (POLE) 

800004: BPU Pixel Output Enable (POE) 

A00001: BPU Function .Select Register Enable 
(FSEO Bitplane 0) 

A00002: 

A00004: 

A00008: 

BPU Function Select Register Enable 
(FSE1 Bitplane 1) 

BPU Function Select Register Enable 
(FSE2 Bitplane 2) 

BPU Function Select Register . Enable 
(FSE3 Bitplane 3) 

COOOOO-C00007: UART. The UART should not be ac­
cessed by the AT. 

COOOOO: 

E00007: 

FOOOOO: 

RGP Maskable Interrupt (INT) Reset. 
The RGP can reset its INT line to inac­
tive, after the host has asserted it, by 
writing any data. Write only. 

Video Plane Write Mask Register. The 
bits in the mask register are the same 
as before. An LED is driven by FLAGO; 
it is on when the flag is set to zero. 
Write only. 

AT Interrupt Register. The RGP can in­
terrupt the AT by writing with DO = "1 ". 
The interrupt line asserted is deter­
mined by the jumper arrangement on 
the board. Writing with DO = "O" resets 
the AT interrupt. The AT can also re­
move the interrupt. Write only. 

3.7 Video Generation 
The video timing is generated by the RGP. The rising edge 
of LCKL increments the software programmable counters in 
the RGP to generate the video shift register loads, BLANK, 
VSYNC and HSYNC. These signals can be adjusted in soft­
ware to the resolution of LCKL (800 ns). 

The display refresh memory cycles transfer data into the 
video shift registers inside the VDRAMs. The VDRAM shift 
registers hold 1024 pixels in this system, 256 bits per de­
vice. The video data is shifted every 800 ns during active 
video, 16 pixels per shift. The clock is derived by masking 
LCKL with BLANKO. Data from the shift register outputs of 
the VDRAMs is multiplexed by using the output enables 
SE(3:0) into the shift registers U100, U110, U120 and U130. 
These four shift registers can be 25 ns GALs or 74LS195As. 
The data is blanked in U211 during horizontal and vertical 
blanking; the data and synchronization signals are latched 
and buffered by U18. 



U207 and U5 are used to control the timing of the video shift 
register loads. These memory cycles can occur during 
blanking of the video data or while data is being shifted out 
to the monitor. During blanking, the timing of the load is not 
critical because the data is not being shifted. In this case, 
the MIDSCAN signal is kept low and the sequencer is not 
held. When data must be loaded in the middle of a scan line, 
the window in which the load must be done is much smaller. 
It must be loaded after the last word of the previous scan 
line is shifted (more than 25 ns after the rising edge of 
GSCL) but at least 20 ns before the next shift clock edge. 
The arbiter /timing generator enters the display refresh cycle 
and waits at state 18 until the MIDSCAN signal is low. The 
load occurs on the rising edge of OTOE in the first half of 
state O after state 21. Early entry into the cycle ensures that 
the load can be made before the end of the window. The 
MIDSCAN signal holds the sequencer so that the load is not 
too early. 

The mid-scan line load feature allows contiguous mapping 
of the screen buffer as shown in Figure 9, resulting in more 
efficient use of screen buffer memory. A screen size of 480 
x 640 uses 307,200 pixels, 29.3% of the 1,048,576 pixels 
available in the VDRAM. Two buffers of this size can be 
used with 27,136 words of free memory remaining in each 
of the four planes for programs, data, character fonts and 
graphics images. In a system without mid-scan line load, 
using 640 pixels per horizontal scan line, 384 pixels (37.5%) 
of each shift register load would be unused. This scheme 
would also consume more memory bandwidth for screen 
refresh because only 62.5% of the pixels in each load are 
used, requiring the shift register to be loaded more frequent­
ly. 

Figure 13 shows a code sequence for initializing the video 
parameters; these parameters are different than those of 
the DP850EB board. The blanking signal must be generated 
two counts earlier in this design for the mid-scan line shift 
register load circuitry. 

3.8PROM 

The board has two PROMs, U14 and U15, which reside at 
locations OOOOOOH-0007FFH. CK2 is used to clock their 
internal registers. They hold the monitor which is executed 
by the RGP upon reset of the board. The monitor communi­
cates with the host-resident RGP debugger through the 
communication area in VDRAM when using the parallel in­
terface, or through the UART when using the serial inter­
face. The monitor also uses a small area in VDRAM for 
variable storage, which must remain undisturbed if the moni-
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tor is to be reentered. To run programs on the RGP, the 
host loads the code into VDRAM through the parallel inter­
face, then issues a command to the monitor to branch to it. 
The details are discussed in the debugger I monitor docu­
mentation. 

3.9UART 
The UART (U26) is used for serial communication with the 
monitor program. U28 generates the clock for the UART. 
The line transceiver is U27. W5 allows pins 2 and 3 of the 
RS-232 connector to be switched. W6 allows pins 6 and 20 
to be switched. A serial connection is optional; the monitor 
can be accessed through the AT interface by using the 
communication area in memory. 

4.0 OTHER DESIGN ISSUES 

The pixel clock frequency could be increased to display 
higher screen resolutions. Higher resolutions may require 
more memory; the set of VDRAMs on the board will hold a 
single buffer of 1 k x 1 k. The RGP can directly support 
screen buffer sizes of up to 16k x 16k, though schemes can 
be used to access larger screen buffers. 

Memory planes can be added to increase the number of bits 
per pixel. The number of planes that can be added is not 
limited by the RGP; the rendering algorithms execute at the 
same speed, independent of the number of planes. A pal­
lette/DAC could be added to generate analog video signals 
and allow selection of various color sets. 

If a larger PLO was used for the main sequencer in U200, 
then ALE could be latched inside it instead of U5. This 
scheme would give more set-up time for ALE, allowing a 
slower PLO to be used. The larger PLO also could accom­
modate additional features such as allowing the AT to initi­
ate drawing cycles so that single pixel values could be writ­
ten and read. 

In the AT interface circuitry, the data write latches and lower 
address latches are used as buffers. If the circuitry was al­
tered, they could be used as latches to pipeline writes from 
the host. This would allow the host to deposit data and the 
address of the data to be written without being held during 
the entire write cycle. The host could then be obtaining the 
next word to be written while the previous word is propagat­
ing into the RGP's memory. The AT would be held if it at­
tempted to write a second word before transfer of the first 
word was completed. This technique would result in a slight­
ly more complicated host bus interface machine, but would 
reduce the host bus bandwidth spent writing to the board. 

• 
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FIGURE 4. Flowchart for the Arbiter/Timing Generator State Machine 
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> 
INPUTS OUTPUTS INPUTS OUTPUTS z 
ABBMMMPRR PPP PPP NNNNNN 101X00110 001000 001010 ~ 

0 
LSSIUUBER RSSSSS RSSSSS 101X01110 001000 000010 co 
EOlDXX-MQ ETTTTT ETTTTT 101X1Xll0 001000 000010 
1 SRW R M43210 M43210 xxxxxxxxx 001010 001011 

C-- E A A xxxxxxxxx 001011 001100 
A Q c c xxxxxxxxx 001100 001101 
N K K xxxxxxxxx 001101 001110 

XXXXXXXXl 001110 000000 
lllXXXXXX 000000 010001 xxxxxxxox 001110 000000 
llOXXXXXl 000000 010000 xxxxxxoxx 001110 000000 
llOXXXXOO 000000 100001 xxoxxxxxx 001110 000000 
llOXXXXlO 000000 000001 XlXXXXXXX 001110 000000 
lOXXXXXXl 000000 010000 oxxxxxxxx 001110 000000 
lOXXXXXOO 000000 100001 101X00110 001110 001010 
100XXXX10 000000 000001 101X01110 001110 000010 
101XXXX10 000000 000101 101X1Xll0 001110 000010 
OXXXXXXXl 000000 010000 lllXXXXXX 100000 010001 
oxxxxxxoo 000000 100001 llOXXXXXl 100000 010000 
OXXXXXXlO 000000 000000 llOXXXXOO 100000 100001 
xxxxxxxxx 010001 010110 llOXXXXlO 100000 000001 
xxxxxxxxx 010110 010010 lOXXXXXXl 100000 010000 
XXXlXXXXX 010010 010010 lOXXXXXOO 100000 100001 
xxxoxxxxx 010010 010100 100XXXX10 100000 000001 
xxxxxxxxx 010100 010101 101XXXX10 100000 000101 
xxxxxxxxx 000010 000111 OXXXXXXXl 100000 010000 
xxxxxxxxx 100110 100011 oxxxxxxoo 100000 100001 
xxxxxxxxx 000110 000011 OXXXXXXlO 100000 000000 
xxxxxxxxx 010000 010111 TL/F/10429-6 

xxxxxxxxx 100001 100110 
xxxxxxxxx 000001 000110 
xxxxooxxx 000101 001010 
XXXXOlXXX 000101 000010 
XXXXlXXXX 000101 000010 
xxxxxxxxx 010111 011000 
xxxxxxxxx 011000 011001 
xxxxxxxxx 011001 011010 
xxxxxxxxx 010101 000000 
xxxxxxxxx 011010 000000 
xxxxxxxxx 100011 100100 
xxxxxxxxx 100100 100000 
xxxxxxxxx 000011 000100 
xxxxxxxxx 000100 000000 
xxxxxxxxx 000111 001000 
XXXXXXXXl 001000 000000 
xxxxxxxox 001000 000000 
xxxxxxoxx 001000 000000 
xxoxxxxxx 001000 000000 
XlXXXXXXX 001000 000000 
oxxxxxxxx 001000 000000 

TL/F/10429-5 

FIGURE 5. Equations for the Arbiter/Timing Generator, before Minimization 
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O> 
Cl 

INPUTS OUTPUTS ~ z ABBMMMPRR pppppp NNNNNN 
<C LSSIUUBER RSSSSS RSSSSS 

EOlDXX-MQ ETTTTT ETTTTT 
1 SRW R M43210 M43210 

C-- E A A 
A Q c c 
N K K 

xoxxxxxoo xooooo 100000 
oxxxxxxoo xooooo 100000 
xxxxxxxxx lOOOXl 100000 
xxxxxxxxx 1001XO 100000 
xxoxxxxoo xooooo 100000 

xxxxxxxxx OlXOOX 010000 
xxxxxxxxx 01011X 010000 
xxxxxxxxx OlOXXO 010000 
XXXXXXXXl xooooo 010000 
lllXXXXXX xooooo 010000 

xxxxxxxxx OOllOX 001000 
xxxxxxxxx 00101X 001000 
xxxxxxxxx OllOOX 001000 
xxxxxxxxx OXOlll 001000 
xxxxooxxx OOX101 001000 
101X00110 OOlXXO 001000 

xxxxxxxxx OlOXOO 000100 
xxxxxxxxx OlOOOX 000100 
xxxoxxxxx OXOOlO 000100 
XXXXXXXXX OOOOlX 000100 
XXXXXXXXX XOOOXl 000100 
XXXXXXXXX OOXOll 000100 
XXXXXXXXX OOllOX 000100 
101XXXX10 XOOOOX 000100 

xxxxxxxxx OlOOOX 000010 
xxxxxxxxx OlXOOl 000010 
xxxxxxxxx OX0110 000010 
XXXlXXXXX OXOXlO 000010 
xxxxxxxxx XOOOOl 000010 
xxxxxxxxx OOXOlO 000010 
xxxxxxxxx X00110 000010 
xxxxxxxxx OOXlOl 000010 
101XXX110 OOlOXO 000010 
101XXX110 OOXXlO 000010 

xxxxxxxxx OlXOOO 000001 
xxxxxxxxx OlOXOO 000001 
lXXXXXXXO xooooo 000001 
xxxxxxxoo xooooo 000001 
xxxxxxxxx 001100 000001 
xxxxxxxxx OOXOlO 000001 
xxxxxxxxx X00110 000001 
lllXXXXXX xooooo 000001 

TL/F/10429-7 

FIGURE 6. Equations for the Arbiter/Timing Generator, after Minimization 
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,.. 
INPUTS OUTPUTS INPUTS OUTPUTS z 
RWRW RSSSSS UWDDD DDRR RRIRC SS XXXX XlOOll 00110 0000 01111 11 ~ 

0 
1111 ETTTTT ARTLO DBDS SFOAA TT XXXX X10010 00001 0010 01111 11 co 
--DD M43210 R-OEE IEYT TIESS 86 XXXX XlOOOl 11001 0010 01110 11 

A----- T E-- N- A RPNII 3 
c w - L R NN 4 XXXX XOlllO 00100 0011 00100 11 
K R E Q XXXX X01001 00100 0010 00111 11 

XXXX X01101 00100 0010 00111 11 
XXXX X01011 00100 0000 00111 11 

xxxx Xlllll 00000 0010 01100 11 XXXX X01010 00000 0010 00110 11 

xxxx 111110 00000 0011 01100 10 XXXX XOllll 00000 0010 10101 11 
XXXX XOlOOO 00000 0010 00101 11 

lXXX 111001 00000 0110 01011 10 XXXX XOOlll 00000 0010 00111 11 
oxxx 111001 00000 1110 01011 10 XXXX XOOllO 00000 0010 00110 11 

XXXX X00101 00000 0010 00100 11 
lXXX 111100 00000 0100 01011 10 
oxxx 111100 00100 1100 01011 10 XXXX X10110 xxxxx xxxx xxxxx xx 

XXXX XlOOOO xxxxx xxxx xxxxx xx 
oxxx 111011 00100 1110 01010 11 XXXX XOllOO xxxxx xxxx xxxxx xx 
lOXX 111011 11000 0110 01010 11 XXXX XOOlOO xxxxx xxxx xxxxx xx 
llXX 111011 00000 0110 01010 11 XXXX XOOOll xxxxx xxxx xxxxx xx 

XXXX XOOOlO xxxxx xxxx xxxxx xx 
xxxx 011110 00000 XOlO 01100 10 XXXX XOOOOl xxxxx xxxx xxxxx xx 

xxxx xooooo xxxxx xxxx xxxxx xx 
xxxx 011001 00000 XOlO 01011 10 TL/F/10429-10 

lXXX 011100 00000 XOlO 01011 10 
oxxx 011100 00100 XOlO 01011 10 

oxxx 011011 00100 XOlO 01010 11 
lOXX 011011 11000 XOlO 01010 11 
llXX 011011 00000 X010 01010 11 

XXXX Xll010 00000 0010 01100 11 

XlXX XlllOl 00000 0001 01111 11 
XOXX XlllOl 00001 0001 01111 11 

OXXX XllOOO 00100 0010 01111 01 
lXXX XllOOO 00001 0010 01111 01 

xxoo XlOlll 11001 0010 01110 11 
XXOl XlOlll 00110 0010 01110 11 
XXlO XlOlll 11001 0010 01110 11 
XXll XlOlll 00100 0010 01110 11 

xx xx X10101 00000 0011 01111 11 
xxxx X10100 00100 0010 01111 11 

TL/F/10429-9 

FIGURE 7. Equations tor Memory Control Signal Generation, before Minimization 
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O> c 
INPUTS co OUTPUTS INPUTS OUTPUTS 

I z RWRW RSSSSS UWDDD DORR RRIRC SS xxxx XOllXO 00000 0001 00000 00 
<C 1111 ETTTTT ARTLO DBDS SFOAA TT xxxx XlXlOl 00000 0001 00000 00 

--DD M43210 R-OEE IEYT TIESS 86 
A----- T E-- N- A RPNII 3 xxxx X01111 00000 0000 10000 00 
c w - L R NN 4 
K R E Q XXXX XlXXXX 00000 0000 01000 00 

xxxx xoxxxx 00000 0000 00100 00 
xxxo XlOllX 10000 0000 00000 00 xxxx xxoxxx 00000 0000 00100 00 
xxxx xxooox 10000 0000 00000 00 xxxx xxxoxo 00000 0000 00100 00 
lOXX XllOll 10000 0000 00000 00 XXXX XXXXlO 00000 0000 00100 00 

XXXX XXXlXl 00000 0000 00100 00 
XXXO XlOllX 01000 0000 00000 00 
xxxx xxooox 01000 0000 00000 00 XXXX XOXOlX 00000 0000 00010 00 
lOXX Xl1011 01000 0000 00000 00 XXXX XXXOXl 00000 0000 00010 00 

XXXX XlXXOX 00000 0000 00010 00 
OXXX XXXOll 00100 0000 00000 00 XXXX XXlXOl 00000 0000 00010 00 
XXXX XXOOll 00100 0000 00000 00 XXXX XXOXlX 00000 0000 00010 00 
XXXX XOllXO 00100 0000 00000 00 
XXXX XOllOX 00100 0000 00000 00 XXXX XXlXOX 00000 0000 00001 00 
XXXl XlOXll 00100 0000 00000 00 XXXX XlXlOX 00000 0000 00001 00 
OXXX XlXXOO 00100 0000 00000 00 XXXX XXOOlX 00000 0000 00001 00 
xxxx xxoxoo 00100 0000 00000 00 XXXX XOXXll 00000 0000 00001 00 
XXXX XOXOXl 00100 0000 00000 00 

XXXX XXXXXl 00000 0000 00000 10 
XXXX XX0011 00010 0000 00000 00 XXXX XXXXlX 00000 0000 00000 10 
XXOl XlOXll 00010 0000 00000 00 XXXX XXXlXX 00000 0000 00000 10 

xxxx xoxxxx 00000 0000 00000 10 
XOXX Xl1101 00001 0000 00000 00 
XXXO X1011X 00001 0000 00000 00 xxxx xxxoxo 00000 0000 00000 01 
xxxx xxooxo 00001 0000 00000 00 XXXX XXXOlX 00000 0000 00000 01 
xxxx xxooox 00001 0000 00000 00 xxxx xxoxxx 00000 0000 00000 01 
lXXX XlXOOO 00001 0000 00000 00 xxxx xoxxxx 00000 0000 00000 01 

XXXX XXXlXl 00000 0000 00000 01 
OXXX XllOXl 00000 1000 00000 00 TLIF/10429-12 

OXXX XX1100 00000 1000 00000 00 

XXXX lllOXl 00000 0100 00000 00 
XXXX 1Xl100 00000 0100 00000 00 

xxxx xxoxox 00000 0010 00000 00 
xxxx xoxxox 00000 0010 00000 00 
XXXX XXXllX 00000 0010 00000 00 
XXXX XXXXlO 00000 0010 00000 00 
xxxx oxxxxo 00000 0010 00000 00 
XXXX XllOXX 00000 0010 00000 00 

XXXX 1X1110 00000 0001 00000 00 
TL/F/10429-11 

FIGURE 8. Equations for Memory Control Signal Generation, after Minimization 
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hslt-val: .equ 
hse_val: .equ 
hbe_val: .equ 
hbs_val: .equ 
vf't_val: .equ 
vse_val: .equ 
vbe_val: .equ 
vbs_val: .equ 
soreen_warp: .equ 
turnonvideo: mov 

mov 
mov 
mov 
mov 
mov 
mov 
mov 
mov 
mov 
mov 
mov 
ret 

47 
2 
2 
42 
492 
2 
11 
491 
40 

#stop_vor, vcr 
#hslt_val, video 
#hse_val, video 
#hbe_val, video 
#hbs_val, video 
#vf't_val, video 
#vse_val, video 
#vbe_val, video 
#vbs_val, video 
#screen_base, dbb 
#screen_warp, dbwrp 
#run_vcr, var 

FIGURE 13. Instructions tor Setting Video Parameters 
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MODULE UlOOR 
TITLE 
'Video Shift Register. UllO, U120, Ul30 are same. 74LS195A 
equiv. Device:UlOO Filename:UlOOR 
Jim Margeson 
Date: 12/15/88 
Revision: 2.0' 

UlOORJ device 'pl6v8r'; 

CKlC pin l; 
NC2 pin 2; 
NC3 pin 3; 
NC4 pin 4; 
PNA3 pin 5; 
PNA2 pin 6; 
PNAl pin 7; 
PNAO pin 8; 
NC9 pin 9; 
GND pin 10; 
OE- pin 11; 
LO- pin 12; 
NC13 pin 13; 
05 pin 14; 
VDO pin 15; 
04 pin 16; 
03 pin 17; 
NC18 pin 18; 
NC19 pin 19; 
vcc pin 20; 

Equations 

!VDO ·- !LD- & !PNAO t LD- & !05; 

!05 ·= !LD- & !PNAl t LD- & !04; 

!04 ·- !LD- & !PNA2 t LD- & !03; 

!03 ... !LD- & !PNA3; 

End; 

FIGURE 15. Equations for U100 
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MODULE U200R 
TITLE 
'Main Bus Sequencer (from BS) 
Device:U200 Filename:u200R 
Jim Margeson 
Date: 12/15/88 
Revision: 2.0' 

U200RJ device 'p20v8r'; 

CKlA 
ALEl 
BSO 
BSl 
MID SCAN 
MUXR­
MUXW­
PB­
REMREQ­
RRQ 
RSTI­
GND 
OE­
DRREQ­
REMA CK 
REMACK­
ST4-
ST3-
ST2-
STl­
STO­
FBST1-
NC23 
vcc 

Equations 

REMACK := 
i 
i 

* * 
!REMACK­

# 
i 

* i 

pin l; 
pin 2; 
pin 3; 
pin 4; 
pin 5; 
pin 6; 
pin 7; 
pin 8; 
pin 9; 
pin 10; 
pin 11; 
pin 12; 
pin 13; 
pin 14; 
pin 15; 
pin 16; 
pin 17; 
pin 18; 
pin 19; 
pin 20; 
pin 21; 
pin 22; 
pin 23; 
pin 24; 

RSTI-&!BSO&!REMREQ-&!RRQ&ST4-&ST3-&ST2-&ST1-&STO­
RSTI-&!ALEl&!REMREQ-&!RRQ&ST4-&ST3-&ST2-&STl-&STO­
RSTI-&!REMACK-&ST4-&ST3-&ST2-&!STO­
RSTI-&!REMACK-&ST4-&ST3-&!ST2-&STO­
RSTI-&!BSl&!REMREQ-&!RRQ&ST4-&ST3-&ST2-&STl-&STO-; 

:= RSTI-&!BSO&!REMREQ-&!RRQ&ST4-&ST3-&ST2-&STl-&STO­
RSTI-&!ALEl&!REMREQ-&!RRQ&ST4-&ST3-&ST2-&STl-&STO­
RSTI-&!REMACK-&ST4-&ST3-&ST2-&!STO­
RSTI-&!REMACK-&ST4-&ST3-&!ST2-&STO­
RSTI-&!BSl&!REMREQ-&!RRQ&ST4-&ST3-&ST2-&STl-&STO-; 

!ST4- ·= RSTI-&REMACK-&!ST4-&ST2-&ST1-
i RSTI-&REMACK-&!ST4-&ST3-&!ST2-&!ST1-
i RSTI-&REMACK-&!ST4-&ST3-&ST0-
i RSTI-&RRQ&ST4-&ST3-&ST2-&ST1-&STO-
i RSTI-&ALEl&BSO&BSl&ST4-&ST3-&ST2-&STl-&ST0-; 

!ST3- RSTI-&REMACK-&ST4-&!ST3-&!ST2-&ST1-

FIGURE 16. Equations for U200 
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; 

# 
# 
# 
# 
# 

!ST2- ·= 
# 
# 
# 
# 
# 
# 
# 

!STl- := 

• • # 

• • • • 

RSTI-&REMACK-&ST4-&!ST3-&ST2-&!ST1-
RSTI-&REMACK-&!ST4-&!ST3-&ST2-&ST1-
RSTI-&REMACK-&ST3-&!ST2-&!ST1-&!ST0-
RSTI-&!MUXR-&!MUXW-&REMACK-&ST4-&!ST2-&ST1-&!ST0-
RSTI-&ALEl&!BSO&BSl&!MUXR-&!MUXW-&PB-&REMREQ-&!RRQ&REMACK-

&ST4-&!ST3-&ST0-; 

RSTI-&REMACK-&!ST4-&ST3-&ST1-&ST0-
RSTI-&REMACK-&!ST4-&ST3-&ST2-&ST1-
RSTI-&!MIDSCAN&REMACK-&ST3-&ST2-&!ST1-&ST0-
RSTI-&REMACK-&ST4-&ST3-&ST2-&!ST1-
RSTI-&ST4-&ST3-&ST2-&!ST0-
RSTI-&REMACK-&ST4-&ST2-&!ST1-& !ST0-
RSTI-&REMACK-&ST4-&!ST3-&!ST2-&ST1-
RSTI-&ALEl&!BS0&BSl&REMREQ-&!RRQ&ST4-&ST3-&ST2-&STl-; 

RSTI-&ALEl&!BSO&BSl&PB-&REMREQ-&!RRQ&REMACK-
&ST4-&!ST3-&ST2-&ST0-

RSTI-&ALEl&!BSO&BSl&PB-&REMREQ-&!RRQ&REMACK-&ST4-&!STl-&ST0-
RSTI-&MIDSCAN&REMACK-&ST3-&!STl-&STO­
RSTI-&REMACK-&!ST4-&ST3-&ST2-&ST1-
RSTI-&REMACK-&!ST4-&ST2-&ST1-& !STO­
RSTI-&REMACK-&ST3-&!ST2-&!ST1-&ST0-
RSTI-&ST4-&ST3-&ST2-&ST1-&!STO-
RSTI-&!FBSTl-; 

!FBSTl- RSTI-&REMACK-&ST4-&ST2-&!ST1-&ST0-
RSTI-&ST4-&ST3-&!ST2-&!ST1-&ST0-
RSTI-&REMACK-&ST4-&!ST2-&ST1-&!STO-; • • 

!STO- ·= RSTI-&REMACK-&!ST4-&ST2-&ST1-&STO­
f RSTI-&REMACK-&!ST4-&ST3-&ST1-&STO-

End; 

f RSTI-&ALE1&!RRQ&ST4-&ST3-&ST2-&ST1-&ST0-
f RSTI-&!REMREQ-&!RRQ&ST4-&ST3-&ST2-&ST1-&STO­
f RSTI-&REMACK-&ST4-&!ST3-&!ST2-&ST1-&STO-
f RSTI-&REMACK-&ST4-&ST2-&!ST1-&ST0-
t RSTI-&ST4-&ST3-&!ST2-&!ST1-&STO-
t RSTI-&ALEl&BSO&BSl&ST4-&ST3-&ST2-&ST1-&STO-; 

FIGURE 16. Equations for U200 (Continued) 
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MODULE U201R 
TITLE 
'Control Signal Generator u (from 85.,-3) 
Device:U201 Filename:U201R 
J. Margeson 
Date: 12/15/88 
Revision: 2. 0' 

U201RJ device 'p20v8r'; 

CKlA pin l; 
STO- pin 2; 
STl- pin 3; 
ST2- pin 4; 
ST3- pin 5; 
ST4- pin 6; 
REMACK- pin 7; 
MUXR- pin 8; 
MUXW- pin 9; 
MUXWD- pin 10; 
MUXRD- pin 11; 
GND pin 12; 
OE- pin 13; 
NC14 pin 14; 
UARTWR- pin 15; 
WR- pin 16; 
DOE- pin 17; 
NCASIN- pin 18; 
RAS- pin 19; 
DTOE- pin 20; 
DLE- pin 21; 
ST634 pin 22; 
NC23 pin 23; 
vcc pin 24; 

Equations 

!UARTWR­
#; 

·= MUXR-&!MUXW-& ST4-& ST3-&!ST2-&!ST1-& STO­
MUXR-&!MUXW-& ST4-& ST3-& ST2-&!ST1-&!STO-; 

!WR- := 
#; 
#; 

!DTOE- := 
#; 
#; 
#; 

lt 
#; 

lt 
#; 

!DLE- ·= 
#; 

!MUXWD-&ST4-&!ST3-&ST2-&ST1-
!ST3-&!ST2-&!ST1-
MUXR-&!MUXW-&ST4-&ST3-&!ST2-&ST1-&STO-; 

!MUXR-&!ST2-&ST1-&STO­
!ST3-&!ST2-&ST1-&STO­
!ST4-&ST3-&ST2-&!STO­
!ST4-&ST3-&ST2-&!ST1-
MUXWD-&ST4-&!ST3-&ST1-&ST0-
!MUXR-&ST4-&!ST1-&!STO­
!ST3-&!ST1-&!ST0-
!ST4-&!ST2-&STO-; 

!ST3-&!ST2-&ST1-&ST0-
!MUXRD-&MUXWD-&ST4-&!ST3-&ST1-&STO-; 

FIGURE 17. Equations for U201 
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!DOE- ·= !MUXW-&ST4-&ST3-&ST2-&!ST1-&STO­
I !MUXWD-&ST4-&!ST3-&ST2-&ST1-
• !ST3-&!ST2-&!STO-
f !ST3-&!ST2-&!ST1-
I MUXR-&ST4-&!ST2-&!ST1-&!STO-; 

!RAS- ·= 
I 
f 
I 
I 

!NCASIN­
f 
I 
f 

!ST634 :• 
t 
t 
I 
I 

End; 

!ST4-&!ST2-&ST1-
!ST2-&STO­
ST4-&!ST1-
ST3-&!ST1-&STO­
!ST3-&ST1-; 

: .. ST3-&!ST1-
ST4-&ST2-&!ST1-
!ST3-&!ST2-&ST1-
!ST4-&ST1-&STO-; 

!ST2-&!STO­
!ST2-&ST1-
!ST3-
!ST4-
ST2-&STO-; 

FIGURE 17. Equations for U201 (Continued) 
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MODULE U202R 
TITLE 
'Control Signal Generator 12 (from B5-3) 
Device:U202 Filename:U202R 
Jim Margeson 
Date: 12/15/88 
Revision: 2.0' 

U202RJ device 'p20v8r'; 

CKlA 
STO-
STl-
ST2-
ST3-
ST4-
REMACK-
MUXR-
MUXW-
RSTI-
NCll 
GND 
OE-
NC14 
RSTRRQ-
RS TALE-
ST8 
ROY 
IOEN 
ODIN 
DBE-
RFIP 
NC23 
vcc 

Equations 

!ODIN := 

* 
!DBE- ·-

4 

!ROY := 

* * * * * 
!RSTALE­

f 

* • 
!RSTRRQ-

pin l; 
pin 2; 
pin 3; 
pin 4; 
pin 5; 
pin 6; 
pin 7; 
pin 8; 
pin 9; 
pin 10; 
pin 11; 
pin 12; 
pin 13; 
pin 14; 
pin 15; 
pin 16; 
pin 17; 
pin 18; 
pin 19; 
pin 20; 
pin 21; 
pin 22; 
pin 23; 
pin 24; 

!MUXR-&ST4-&ST3-&!ST2-&STO­
!MUXR-&ST3-&ST2-&!ST1-&!STO-; 

REMACK-&ST4-&ST3-&!ST2-&STO­
REMACK-&ST3-&ST2-&!ST1-&!STO-; 

!ST3-&!STl­
!ST4-&!STl­
ST2-&STl-
STl-& ! STO­
!REMACK-&!STO­
ST4-&ST3-& !ST2-; 

:= REMACK-&ST3-&ST2-&ST1-&!STO­
!ST4-&ST3-&ST2-&!STO­
ST4-&ST2-&!ST1-&STO-
!RSTI-; 

:= !ST4-&ST3-&ST2-&ST1-&STO-

FIGURE 18. Equations for U202 
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' 
!RFIP ·= 

!IOEN ·= 

' ' ' I 

!ST8 ·= 

' I 
I 

End; 

!RSTI-; 

ST4-; 

!ST4-
!ST3-
!ST2-&!STO-
STl-&!STO-
ST2-&STO-; 

STO-
STl-
ST2-
! ST4-; 

TL/F/10429-31 
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MODULE U203R 
TITLE 
'CAS 
Device:U203 Filename:U203R 
Jim Margeson 
Date: 12/15/88 
Revision: 2.0' 

U203RJ device 'p20v8r'; 

CKlD pin l; 
A23 pin 2; 
A22 pin 3; 
A21 pin 4; 
Al8 pin 5; 
Al7 pin 6; 
WMASKO pin 7; 
WMASKl pin 8; 
WMASK2 pin 9; 
WMASK3 pin 10; 
ST8 pin 11; 
GND pin 12; 
OE- pin 13; 
RFIP pin 14; 
MUXR- pin 15; 
NC16 pin 16; 
CASO- pin 17; 
CASl- pin 18; 
CAS2- pin 19; 
CAS3- pin 20; 
A20 pin 21; 
LADDR- pin 22; 
NCASIN- pin 23; 
vcc pin 24; 

Equations 

!CAS3- :- !LADDR- & !A23 & A22 & Al8 & Al7 & !NCASIN- & !ST8 
t LADDR- & WMASK3 & !NCASIN- & !ST8 
t RFIP & !NCASIN- & !ST8 
t ST8 & !CAS3-; 

!CAS2- := !LADDR- & !A23 & A22 & Al8 & !Al7 & !NCASIN- & !ST8 
t LADDR- & WMASK2 & !NCASIN- & !ST8 
t RFIP & !NCASIN- & !ST8 
t STB & !CAS2-; 

!CASl- := !LADDR- & !A23 & A22 & !Al8 & Al7 & !NCASIN- & !ST8 
t LADDR- & WMASKl & !NCASIN- & !STB 
t RFIP & !NCASIN- & !ST8 
t ST8 & !CASl-; 

!CASO- := !LADDR- & !A23 & A22 & !A18 & !Al7 & !NCASIN- & !ST8 
t LADDR- & WMASKO & !NCASIN- & !ST8 
t RFIP & !NCASIN- & !STB 
t STB & !CASO-; 

End; 

FIGURE 19. Equations for U203 
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MODULE U204R 
TITLE 
'Device Enables 
Device:U204 Filename:U204R 
Jim Margeson 
Date: 12/15/88 
Revision: 2.0' 

U204RJ device 'pl6v8c'; 

!OEN pin 1; 
A23 pin 2; 
A22 pin 3; 
A21 pin 4; 
A20 pin 5; 
A3 pin 6; 
A2 pin 7; 
Al pin 8; 
AO pin 9; 
GND pin 10; 
MUXW- pin 11; 
FSE3- pin 12; 
FSE2- pin 13; 
FSEl- pin 14; 
FSEO- pin 15; 
CRE- pin 16; 
ENUART- pin 17; 
ENPROM- pin 18; 
LWMASK pin 19; 
vcc pin 20; 

Equations 

!FSE3- A23 & !A22 & A21 
!FSE2- A23 & !A22 & A21 
!FSEl- A23 & !A22 & A21 
!FSEO- A23 & !A22 & A21 
!CRE- A23 & !A22 & !A21 
!ENUART- = A23 & A22 & !A21 
!ENPROM- !A23 & !A22 & !A21 
!LWMASK - !A23 t !A22 t !A21 

End; 

& 
& 
& 
& 
& 
& 
& 

t 

!A20 & 
!A20 & 
!A20 & 
!A20 & 
!A20 & 

A3 & 
A2 & 
Al & 
AO & 

!A3 & 
!A20 & IOEN; 

IOEN; 
IOEN; 
IOEN; 
IOEN; 
!A2 & !Al 

!A20 & IOEN & MUXW-; 
A20 I !IOEN t MUXW-; 

FIGURE 20. Equations for U204 
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& AO & !OEN; 
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MODULE U205R 
TITLE 
'BE 
Device:U205 Filename:U205R 
Jim Margeson 
Date: 12/15/88 
Revision: 2.0' 

U205RJ device 'p20v8r'; 

CKlA pin 1; 
ST8 pin 2; 
ST634 pin 3; 
A23 pin 4; 
A22 pin 5; 
A21 pin 6; 
A20 pin 7; 
A18 pin 8; 
A17 pin 9; 
A3 pin 10; 
A2 pin 11; 
GND pin 12; 
OE- pin 13; 
Al pin 14; 
DRCYCLE- pin 15; 
INTPL pin 16; 
BE3- pin 17; 
BE2- pin 18; 
BEl- pin 19; 
BEO- pin 20; 
NC21 pin 21; 
BSE pin 22; 
AO pin 23; 
vcc pin 24; 

Equations 

!BE3- ·= ST634 & !A23 & A22 & A18 & Al7 

* ST634 & A23 & !A22 & !A21 & !A3 & !A2 & !Al & AO 

* ST634 & A23 & !A22 & A21 &A3 

* INTPL & BSE & !DRCYCLE- & !ST8 

* ST8 & !BE3-; 

!BE2- ·- ST634 & !A23 & A22 & A18 & !Al7 

* ST634 & A23 & !A22 & !A21 & !A3 & !A2 & !Al & AO 

* ST634 & A23 & !A22 & A21 & A2 

* INTPL & BSE & !DRCYCLE- & !ST8 

* ST8 & !BE2-; 

!BEl- := ST634 & !A23 & A22 & !Al8 & Al7 

* ST634 & A23 & !A22 & !A21 & !A3 & !A2 & !Al & AO 
t ST634 & A23 & !A22 & A21 & Al 

* INTPL & BSE & !DRCYCLE- & !ST8 

* ST8 & !BEl-; 

!BEO- := ST634 & !A23 & A22 & !Al8 & !Al7 

* * 
ST634 & A23 & !A22 & !A21 & !A3 & !A2 & !Al & AO 
ST634 & A23 & !A22 & A21 & AO 

* INTPL & BSE & !DRCYCLE- & !ST8 

* ST8 & !BEO-; 

End; 

FIGURE 21. Equations for U205 
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MODULE U206R 
TITLE 

Device:U206 
Jim Margeson 
Date: 12/15/88 
Revision: 2.0' 

Filename:U206R 

U206RJ device 'p20v8r'; 

CKlD pin l; 
MUXR- pin 2; 
!OEN pin 3; 
A23 pin 4; 
A22 pin 5; 
A21 pin 6; 
A20 pin 7; 
Al8 pin 8; 
Al 7 pin 9; 
A3 pin 10; 
A2 pin 11; 
GND pin 12; 
OE- pin 13; 
Al pin 14; 
POLE- pin 15; 
POE- pin 16; 
DIR3 pin 17; 
DIR2 pin 18; 
DIRl pin 19; 
DIRO pin 20; 
RGPINTRES- pin 21; 
ATINTWR- pin 22; 
AO pin 23; 
vcc pin 24; 

Equations 

!DIR3 ·= MUXR- # A23 & !A22 
!DIR2 ·= MUXR- # A23 & !A22 
!DIRl := MUXR- # A23 & !A22 
!DIRO ·= MUXR- # A23 & !A22 

!POLE- = A23 & !A22 & !A21 

!POE- = A23 & !A22 & !A21 

# !Al8 # !Al7; 
# !Al8 # Al7; 
# Al8 # !Al7; 

* Al8 # Al7; 

& !A20 & !A3 & !A2 & Al & 

& !A20 & !A3 & A2 & !Al & 

!RGPINTRES- = A23 & A22 & !A21 & A20 & !OEN & MUXR-; 

!ATINTWR- = A23 & A22 & A21 & A20 & !OEN & MUXR-; 

End; 

FIGURE 22. Equations for U206 
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!AO & 

!AO & 

!OEN; 

!OEN; 
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MODULE U207R 
TITLE 
'MIDSCAN, BLANKD- GENERATOR 
Device:U207 Filename:U207R 
Jim Margeson 
Date: 12/15/88 
Revision: 2.0' 

U207RJ device 'p16v8r'; 

LCK pin 1; 
BLANK- pin 2; 
DRREQ- pin 3; 
RST- pin 4; 
L_DR_REQ- pin 5; 
IS pin 6; 
I6 pin 7; 
I7 pin 8; 
I8 pin 9; 
GND pin 10; 
I9 pin 11; 
DR_REQ pin 12; 
RST_REQ- pin 13; 
DD pin 14; 
F3 pin 15; 
D BLANK- pin 16; 
FS pin 17; 
F6 pin 18; 
MI SCAN pin 19; 
vcc pin 20; 

Equations 

DR_REQ • !DRREQ-; 

F3 := BLANK-; 

DD • D_BLANK-; 

D_BLANK- :• F3; 

RST_REQ- • RST- & !F6; 

FS :• !L_DR_REQ- & !FS; 

F6 :• !L_DR_REQ- & FS & !F6; 

MISCAN • !F6 & D_BLANK-; 

End; 
TL/F/10429-36 

FIGURE 23. Equations for U207 

3·122 



MODULE U208R 
TITLE 
'DRAM REFRESH REQUEST, GSC, READ + WRITE MUX 
Device:U208 Filename:U208R 
Jim Margeson 
Date: 12/lS/88 
Revision: 2.0' 

U208RJ device 'pl6v8r'; 

LCKLl pin l; 
LCKL pin 2; 
BLANKO- pin 3; 
NC4 pin 4; 
R- pin S; 
w- pin 6; 
REMRL pin 7; 
REMWL pin 8; 
REMA CK pin 9; 
GND pin 10; 
OE- pin 11; 
GSC pin 12; 
06 pin 13; 
OS pin 14; 
04 pin lS; 
03 pin 16; 
VRRQ pin 17; 
MUXR- pin 18; 
MUXW- pin 19; 
vcc pin 20; 

Equations 

!VRRQ ·- !VRRQ & 03 & 04 
t !VRRQ & 03 & 04 
f VRRQ & !03 & !04 

!03 :- VRRQ & !03 & OS 
·f VRRQ & !03 & 04 
f VRRQ & !03 & 06 

& OS 
& 06 

& !OS & !06; 

f VRRQ & 03 & !04 & !OS & !06; 

!04 :• VRRQ & !04 & 06 
f VRRQ & !04 & OS 
f VRRQ & 04 & !OS & !06; 

!OS :• VRRQ & OS & !06 
f VRRQ & !OS & 06 
f 03 & 04 & !OS & 06 
t 03 & 04 & OS & !06; 

!06 :- 03 & 04 ' 06 
f VRRQ & 06; 

!GSC = !BLANKO- f !LCKL; 

!MUXW- !W- & !REMACK 
It REMWL & REMACK; 

!MUXR- = !R- & !REMACK 
f REMRL & REMACK; 

End; 
FIGURE 24. Equations for U208 
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MODULE U209R 
TITLE 

Device:U209 Filename:U209R 
Jim Margeson 
Date: 12/15/88 
Revision: 2.0' 

U209R device 'pl6v8r'; 

LCKO pin 1; 
DDBSE pin 2; 
INTPL pin 3; 
BSl pin 4; 
BSO pin 5; 
REMA CK pin 6; 
ATINTRES- pin 7; 
ATINTWR- pin 8; 
DO pin 9; 
GND pin 10; 
OE- pin 11; 
DRCYCLE- pin 12; 
LADDR- pin 13; 
LCK pin 14; 
LCKOD4 pin 15; 
LCKOD2 pin 16; 
RSTI- pin 17; 
ATINT- pin 18; 
NC19 pin 19; 
vcc pin 20; 

Equations 

!LCKOD2 := LCKOD2; 

!LCKOD4 ·• !LCKOD4 & LCKOD2 
t LCKOD4 & !LCKOD2; 

!LCK :• !LCK & LCKOD4 
t !LCK & LCKOD2 
t LCK & !LCKOD4 & !LCKOD2; 

!DRCYCLE- • BSl & !BSO & !REMACK; 

!LADDR- DDBSE & INTPL & BSl & !BSO 
# !BSl 
# REMACK; 

!ATINT- • DO & !ATINTWR- & RSTI-
# DO & !ATINT- & ATINTRES- & RSTI-
# ATINTWR- & !ATINT- & ATINTRES- & RSTI-; 

End; 

FIGURE 25, Equations for U209 
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MODULE U210R 
TITLE 
'SE-, LD-
Device:U210 Filename:U210R 
Jim Margeson 
Date: 12/15/88 
Revision: 2.0' 

U210RJ device 'p16v8r'; 

CKlC pin 1; 
GSC pin 2; 
BLANKO- pin 3; 
NC4 pin 4; 
NC5 pin 5; 
NC6 pin 6; 
NC7 pin 7; 
NC8 pin 8; 
NC9 pin 9; 
GND pin 10; 
OE- pin 11; 
SE3- pin 12; 
SE2- pin 13; 
LO- pin 14; 
05 pin 15; 
04 pin 16; 
03 pin 17; 
SEl- pin 18; 
SEO- pin 19; 
vcc pin 20; 

Equations 

!SEO- 03 & GSC; 
!SEl- !03 & GSC; 
!SE2- 03 & !GSC; 
!SE3- !03 & !GSC; 

!03 ·= !03 & OS & BLANKO­
# !03 & 04 & BLANKO-
# 03 & !04 & !OS & BLANKO-; 

!04 ·= 05 & !04 & BLANKO­
# !OS & 04 & BLANKO-; 

!OS := 05 & BLANKO-; 

!LO- := 04 & 05; 

End; 

FIGURE 26. Equations for U210 
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! MODULE U211R 
TITLE 

c 'latch and blank video data 
Device:U211 Filename:U211R 
Jim Margeson 
Date: 12/15/88 
Revision: 2.0' 

U211RJ device 'p16v8r'; 

CKlC pin 1; 
BLANKO .. pin 2; 
GSC pin 3; 
NC4 pin 4; 
VDO pin 5; 
VDl pin 6; 
VD2 pin 7; 
VD3 pin 8; 
NC9 pin 9; 
GND pin 10; 
OE .. pin 11; 
BLNI<DLL pin 12; 
BLNI<DLLL pin 13; 
V3 pin 14; 
V2 pin 15; 
Vl pin 16; 
VO pin 17; 
GSCL pin 18; 
BLANKDL- pin 19; 
vcc pin 20; 

Equations 

!GSCL :- !GSC; 
!BLANKDL- :• !BLANKO .. ; 
!BLNKDLL :• BLANKDL-; 
!BLNI<DLLL :• !BLNI<DLL; 

!VO •• !VDO I BLNKDLLL; 
!Vl :• !VDl I BLNKDLLL; 
! V2 : • ! VD2 I BLNKDLLL; 
!V3 :• !VD3 I BLNKDLLL; 

End; 
TL/F/10429-40 

FIGURE 27. Equations for U211 
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MODULE U220Rl 
TITLE 
'Host Address Decode and 16-bit Transfer Request 
Device:U220 Filename:U220Rl 
Jim Margeson 
Date: 1/23/88 
Revision: 2.01' 

U220RJ1 device 'pl6v8c'; 

AEN pin 
REMLA23 pin 
REMLA22 pin 
REMLA21 pin 
REMLA20 pin 
REMLA19 pin 
REMLA18 pin 
REMLA17 pin 
REMA16 pin 
GND pin 
BALE pin 
NC12 pin 
BDSELL- pin 
ASOA- pin 
ASOD- pin 
ASAO- pin 
Ml60A- pin 
Ml60D- pin 
Ml6AO- pin 
VCC pin 

Equations 

!Ml60A-
ENABLE Ml60A- -

!Ml60D-
ENABLE Ml60D- -

!Ml6AO­
ENABLE Ml6AO-

l; 
2; 
3; 
4; 
5; 
6; 
7; 
8; 
9; 

10; 
11; 
12; 
13; 
14; 
15; 
16; 
17; 
18; 
19; 
20; 

!ASOA- t ASOA- t !ASOO- t ASOO- t !ASAO- t ASAO-; 
!REMLA23 & !REMLA22 & !REMLA21 & !REMLA20 & REMLA19 
& !REMLA18 & REMLA17 & !ASOA-; 

!ASOA- t ASOA- t !ASOD- t ASOO- t !ASAO- t ASAO-; 
!REMLA23 & !REMLA22 & !REMLA21 & !REMLA20 & REMLA19 
& REMLA18 & !REMLA17 & !ASOO-; 

!ASOA- t ASOA- t !ASOD- t ASOD- t !ASAO- t ASAO-; 
REMLA23 & !REMLA22 & REMLA21 & !REMLA20 & !REMLA19 
& !REMLA18 & .!REMLA17 & !ASAO-; 

!BOSELL- - !AEN & !REMLA23 & !REMLA22 & !REMLA21 & !REMLA20 & REMLA19 
& !REMLA18 & REMLA17 & !REMA16 & !ASOA- & BALE 

End; 

t !AEN & !REMLA23 & !REMLA22 & !REMLA21 & !REMLA20 & REMLA19 
& !REMLA18 & REMLA17 & !REMA16 & !ASOA- & !BOSELL-

t !AEN & !REMLA23 & !REMLA22 & !REMLA21 & !REMLA20 & REMLA19 
& REMLA18 & !REMLA17 & REMA16 & !ASOO- & BALE 

t !AEN & !REMLA23 & !REMLA22 & !REMLA21 & !REMLA20 & REMLA19 
& REMLA18 & !REMLA17 & REMA16 & !ASOD- & !BDSELL-

t !AEN & REMLA23 & !REMLA22 & REMLA21 & !REMLA20 & !REMLA19 
& !REMLA18 & !REMLA17 & !ASAO- & BALE 

t !AEN & REMLA23 & !REMLA22 & REMLA21 & !REMLA20 & !REMLA19 
& !REMLA18 & !REMLA17 & !ASAO- & !BOSELL-

t !BALE & !BOSELL-; 

FIGURE 28. Equations for U220 
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MODULE U221Rl 
TITLE 
'Host Interface Sequencer 
Device:U221 Filename:U221Rl 
Jim Margeson 
Date: 2/4/88 
Revision: 2.01' 

U221RJ1 device 'p16v8r'; 

CKlB pin 1; 
BOSELL- pin 2; 
REMA15 pin 3; 
REMACK- pin 4; 
REMA14 pin S; 
REMR- pin 6; 
REMW- pin 1; 
RSTI- pin 8; 
NC9 pin 9; 
GND pin 10; 
OE- pin 11; 
REMDG- pin 12; 
REMACKD pin 13; 
RDYHI- pin 14; 
REMREQ- pin 15; 
REMRL pin 16; 
REMWL pin 17; 
NC18 pin 18; 
NC19 pin 19; 
vcc pin 20; 

Equations 

!REMRL :• REMR- t BOSELL- t !RSTI-; 
!REMWL :• REMW- t BOSELL- t !RSTI-; 

!REMREQ- :• !BOSELL-& !REMA15 
t !BOSELL- & REMAlS & !REMA14 
t !BOSELL- & !REMAlS 

& REMWL & 
& REMWL & 
& REMRL & 

t !BOSELL- & REMAlS & !REMA14 & REMRL & 

!REMACKD & RDYHI- & RSTI­
!REMACKD & RDYHI- & RSTI­
!REMACKD & RDYHI- & RSTI­
!REMACKD & RDYHI- & RSTI-; 

!REMACKD ·• REMACK- t BOSELL- t !RSTI-; 

!IU>YHI- :• !BOSELL- & !REMAlS & REMREQ- & REMACK- & REMACKD & RDYHI­
& RSTI-

t !BOSELL- & REMAlS & !REMA14 & REMREQ- & REMACK"' & REMACKD 
& RDYHI- & RSTI-

t REMWL & !RDYHI- & RSTI­
t REMRL & !RDYHI- & RSTI-; 

!REMDG­
t 
t 

!REHACK~ & REMWL & RSTI-
!BDSELL- & !REMAlS & !REMR- & RSTI-
!BDSELL- & REMA15 & !REMA14 & !REMR- & RSTI-; 

End; 

FIGURE 29. Equations for U221 
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MODULE U222R 
TITLE 

Device:U222 Filename:U222R 
Jim Margeson 
Date: 12/15/88 
Revision: 2.0' 

U222RJ device 'p20v8r'; 

CKlB pin 1; 
CREGEN- pin 2; 
REMA13 pin 3; 
REMA12 pin 4; 
REMAll pin 5; 
REMRST pin 6; 
PBRST pin 7; 
PBNMI pin 8; 
UART INT pin 9; 
REMDO pin 10; 
RGPINTRES- pin 11; 
GND pin 12; 
OE- pin 13; 
REMR- pin 14; 
STATROC- pin 15; 
AREGC pin 16; 
AREGROC- pin 17; 
INT- pin 18; 
NMI- pin 19; 
SRSTL- pin 20; 
RSTI- pin 21; 
ATINTRES- pin 22; 
REMW- pin 23; 
vcc pin 24; 

Equations 

!SRSTL- .. REMDO & !CREGEN- & REMA13 & !REMA12 & !REMAll & !REMW-
& !REMRST & !PBRST 

# REMDO & !SRSTL- & !REMRST & !PBRST 
# CREGEN- & !SRSTL- & !REMRST & !PBRST 
# !REMA13 & !SRSTL- & !REMRST & !PBRST 
# REMA12 & !SRSTL- & !REMRST & !PBRST 
t REMAll & !SRSTL- & !REMRST & !PBRST 
# REMW- & !SRSTL- & !REMRST & !PBRST; 

!RSTI- ·- !SRSTL- # REMRST # PBRST; 

!INT- - REMDO & !CREGEN- & REMA13 & !REMA12 & REMAll 
& RGPINTRES- & RSTI-

# REMDO & !INT- & RGPINTRES- & RSTI-
# CREGEN- & !INT- & RGPINTRES- & RSTI-
# !REMA13 & !INT- & RGPINTRES- & RSTI-
# REMA12 & !INT- & RGPINTRES- & RSTI-
# !REMAll & !INT- & RGPINTRES- & RSTI-
# REMW- & !INT- & RGPINTRES- & RSTI-; 

!NMI- PBNMI # !CREGEN- & !REMA13 & !REMA12 & 
!AREGC - CREGEN- # REMA13 # REMA12 # REMAll # 
!AREGROC- • ICREGEN- & IREMA13 & !REMA12 & !REMAll & 
!STATROC- • !CREGEN- & !REMA13 & REMA12 & REMAll & 
!ATINTRES- • !CREGEN- & !REMA13 & REMAl2 & !REMAll & 

End; 
FIGURE 30. Equatlon1 for U222 
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REMAll 
REMW­

! REMR­
!REMR­
!REMW-

& ! REMW-; 

# !RSTI-; 
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°' 0 MODULE U223R co 
I TITLE z 

<II( 

Device:U223 Filename:U223R 
Jim Margeson 
Date: 12/15/88 
Revision: 2.0' 

U223RJ device 'pl6v8c'; 

NCl pin l; 
BOSELL- pin 2; 
REMA15 pin 3; 
REMA14 pin 4; 
RDYHI- pin 5; 
REMACK- pin 6; 
REMR- pin 7; 
REMW- pin 8; 
RSTI- pin 9; 
GND pin 10; 
NCll pin 11; 
FSOC- pin 12; 
MSOC- pin 13; 
CREGEN- pin 14; 
WAIT- pin 15; 
REMRDY pin 16; 
Al3 pin 17; 
NC18 pin 18; 
NC19 pin 19; 
vcc pin 20; 

Equations 

!WAIT- = !BOSELL- & !REMA15 & RDYHI- & !REMW- & RSTI-
f !BOSELL- & !REMA15 & RDYHI- & !REMR- & RSTI-
f !BOSELL- & REMA15 & !REMA14 & RDYHI- & !REMW- & RSTI-
f !BOSELL- & REMA15 & !REMA14 & RDYHI- & !REMR- & RSTI-.; 

!REMRDY !BOSELL- f BOSELL-; 
ENABLE REMRDY !WAIT-; 

!MSOC- !REMACK- & !REMA15; 

!FSOC- .. !REMACK- & REMA15 & !REMA14; 

!CREGEN- .. !BOSELL- & REMA15 & REMA14; 

!Al3 = !REMA14 & !REMA15; 
ENABLE Al3 = !REMACK-; 

End; 

TL/F/10429-44 

FIGURE 31. Equations for U223 
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QUANTITIES ARE FOR l BOARD 
PARTS FOR WAVE SOLDER: 
l: 14-PIN SOCKETS 
U5 
us 
U28 
U225 
2: 16-PIN SOCKETS 
Ul2 
Ul3 
U27 
RNl 
3: 20-PIN SOCKETS 
U25 
U3 
Ull 
U29 
U9 
UlO 
Ul02 
Ul03 
Ull2 
Ull3 
Ul22 
Ul23 
Ul32 
Ul33 
U7 
ua 
Ul6 
Ul9 
U20 
U21 
U22 
U4 
Ul8 
UlOO 
UllO 

4 

4 

36 

Ul20 
Ul30 
U204 
U207 
U208 
U209 
U210 
U2ll 
U221 
U220 
U223 
4: 24-PIN DIP SOCKETS 
Ul4 
Ul5 
U23 
U24 
U200 
U201 
U202 
U203 
U205 
U206 
U222 
5: 68-PIN PLCC SOCKET 
Ul 
6: 44-PIN PLCC SOCKET 
U2 
U26 
UlOl 
Ulll 
Ul21 
Ul31 
7: 24-PIN SIP SOCKETS 
Ul04 
Ul05 
Ul06 
Ul07 
Ull4 
Ull5 
Ull6 
Ull7 
Ul24 
Ul25 
Ul26 
Ul27 
Ul34 
Ul35 
Ul36 
Ul37 

FIGURE 32. Parts List 
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QUANTITIES ARE FOR l BOARD 14: 15 OHM RESISTOR 2 
PARTS FOR WAVE SOLDER: R4 
S: 25 pF CAPACITOR 2 R5 

C3 15: 220 OHM RESISTOR 4 
C4 R6 
9: O.l µF CAPACITOR Sl Rll 

C5 Rl2 

C6 Rl6 

C7 16: 470 OHM RESISTOR 3 
cs R7 
C9 RS 
Cl7-C92 RlO 
10: 25 µF or 22 µF 10 17: 2.7k RESISTOR 4 

CAPACITOR, l5V Rl3 
OR GREATER 14 

Cl (NOTE 2) 15 
C2 (NOTE 2) 17 (NOTE 4) 
ClO (NOTE 2) lS: PUSH BUTTON SWITCH 2 
Cll (NOTE 2) SWl Cl2 (NOTE 2) SW2 Cl3 (NOTE 2) 
Cl4 (NOTE 2) 19: 20 MHz CRYSTAL l 
Cl5 (NOTE 2) Yl 
Cl6 (NOTE 2) 20: 9-PIN CONNECTOR l 
C93 (NOTE 2) Jl 
ll: LED l 21: 25-PIN CONNECTOR 
Dl (NOTE 3) J2 
12: l2k RESISTOR 2 22: 7-PIN POWER CONNECTOR l 
Rl J3 (NOTE 5) 
R2 

330 OHM RESISTOR 
23: 3 JUMPER PINS l 

13: l 
R3 J7 

FIGURE 32. Parts List (Continued) 
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QUANTITIES ARE FOR l BOARD 
PARTS FOR WAVE SOLDER: 
24: PAIR OF JUMPER PINS 20 
Wl 
W2 
W3 
W4 
W5 (4 PIN SQUARE) 
W5 
WS (4 PIN SQUARE) 
WS 
WlO 
Wll 
Wl2 
Wl3 
Wl4 
Wl5 
Wl6 
Wl7 
Wl8 
Wl9 
W20 
W21 
NOTE l: DO NOT USE SOCKET FOR SPARE U224 
NOTE 2: POLARITY SHOWN IN THE ASSEMBLY DRAWING 
NOTE 3: ANODE AND CATHODE MARKED "A" and •c• ON SILK SCREEN 
NOTE 4: MOUNT AS SHOWN IN ASSEMBLY DRAWING 
NOTE 5: PLASTIC FLANGE TOWARD C75 
****************************** 

FIGURE 32. Parts List (Continued) 
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PARTS co FOR INSERTION: U2ll l6V8_25 
I z U225 74LSl4 l U22l l6V8_25 

cc 
U5 74AS74 2 U208 l6V8_l2 4 
us 74AS74 U209 l6V8_l2 

U28 l84320SC l U220 l6V8_l2 
U223 l6V8_l2 

Ul2 74ASl57 2 
Ul3 74ASl57 Ul4 DM87SRl93N 2 

Ul5 DM87SRl93N 
U27 MAX232 l 
RNl 22RPAK 

U23 74ALS646 {NOTE 7) 2 
l U24 74ALS646 

U25 74ALS240 l U200 2ova_12 l 
U3 74ALS244 l U20l 2ova_25 
Ull 74ACT244 2 U202 2ova_25 
U29 74ACT244 U203 2ova_25 
U9 74ACT245 10 U205 2ova_25 
UlO 74ACT245 U206 2ova_25 
Ul02 74ACT245 U222 2ova_25 
Ul03 74ACT245 Ul DP8500 l 
Ull2 74ACT245 U2 DP85l2 l 
Ull3 74ACT245 
Ul22 74ACT245 U26 NSl6C450V l 

Ul23 74ACT245 UlOl DP85llV 4 
Ul32 74ACT245 Ulll DP85llV 
Ul33 74ACT245 Ul2l DP85llV 

U7 74ACT373 7 Ul3l DP85llV 

ua 74ACT373 Ul04 M5M4C264L 120 ns 16 
Ul6 74ACT373 Ul05 M5M4C264L 
Ul9 74ACT373 Ul06 M5M4C264L 
U20 74ACT373 Ul07 M5M4C264L 
U2l 74ACT373 Ull4 M5M4C264L 
U22 74ACT373 Ull5 M5M4C264L 

U4 74ACT374 l Ull6 M5M4C264L 

Ul8 74ALS374 
Ull7 M5M4C264L 

l Ul24 M5M4C264L 
UlOO 74LSl95A {NOTE 6) 4 Ul25 M5M4C264L 
UllO 74LSl95A Ul26 M5M4C264L 
Ul20 74LSl95A Ul27 M5M4C264L 
Ul30 74LSl95A Ul34 M5M4C264L 
U204 l6V8_25 5 Ul35 M5M4C264L 
U207 l6V8_25 Ul36 M5M4C264L 
U2l0 l6V8_25 Ul37 M5M4C264L 

NOTE 6: CENTERED IN 20-PIN SOCKET 
NOTE 7: OR 74AC646 

FIGURE 32. Parts List (Continued) 
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APPENDIX A: Related Datasheets 

The table below lists a series of other products/functions that may have interest and which are available as datasheets from 
National Semiconductor. 

Product Number 
LH4002 
LH4003 
LH4004 
LH4101 

LM592 
LM675 
LM1203 
LM1211 
LM1578 
LM1823 
LM1875 
LM1881 
LM1884 
LM1886 
LM1889 
LM2889 
LM6161 
LM6164 
LM6165 
LMC555 
NS32CG16 

APPLICATION NOTES 
Note No. 
AN-391 

AN-402 

Product Description 
Wideband Video Buffer 
Precision RF Closed Loop Buffer 
Wideband FET Input Buffer Amplifier 
Wideband High Current Operational 
Amplifier 
Differential Video Amplifier 
Power Operational Amplifier 
RGB Video Amplifier System 
Broadband Demodulator SSC129 
Switching Regulator 
Video IF Amplifier/PLL Detection System 
20W Power Audio Amplifier 
Video Sync Separator 
TV Stereo Decoder 
TV Video Matrix D to A 
TV Video Modulator 
TV Video Modulator 
High Speed Operational Amplifiers 
High Speed Operational Amplifiers 
High Speed Operational Amplifiers 
CMOS Timer 
High-Performance Printer/Display Processer 

Description 
The LM1823-A High Quality TV Video 
IF Amplifier and Synchronous Detector 
for Cable Receivers 
LM2889 R.F. Modulator 
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} 16 Lead (0.150" Wide) Small Outline Molded Package (M) 
a. NS Package Number M16A 

LEAON0.1 
IUENT 

0.053-0.069 
(1.346-1.753) 

* 

300 

~~~~ 
7 8 --------+ 

..!!!!!.MAX 
10.254) 

0.004-0.010 
(0.102-0.254) 

_J SEATINO 

t o.L j 
(0.356) o.nsoJ 

(1.270) 

JL t PLANE 

~TYP 
(0.356-0.508) 

16 Lead Molded Dual In-Line Package (N) 
NS Package Number N 16A 

0.092 
(2.337) 

DIANDM 
(2X) 

0.280 ~ 
(7.112) 0.030 

MIN --
0.300-0.320 (~~:1 

(7.620-8.128) ~ 

··4·~ ... _... 'j 
r-i-,0.229-0.381) 

I • • 1 o.075 ±0.015 

0.325 ~::ri: (1.906 ±0.381) I- j 
( +1 016) 0.100 ±0.010 
B.255 --0:311 (2.540 ±0.254) 

TYP 

0.040 
0.130 ±0.005 

(3.302 ±0.127) 

M16AtREVH) 

0.145-0.200 
(3.683-5.080) 

id o.!20 

1--11 0.018 ±0.003 0.125-0.140 (°r;,~~81 i:1 r--10.457 ±0.076) (3.175-3.556) 

N16A{REVE) 



44 Pin Ceramic Pin Grid Array, Cavity Up 
NS Package Number U44A 

1 
0.530 
-(-13.46) 

I 

a.L 
(12.83) 

SQ 

I 0.190-0.810 sa--J 
- ,20.01-20.511 I 

lf 

INDEXMAR ~ 

20 Lead Plastic Chip Carrier (PCC) 
NS Package Number V20A 

0.310-0.330 
~ 

(CONTACT DIMENSION) 

D.D26-D.D32 
(D.660-0.813) 

TYP 

PIN N0.1 
IDENT D.385-0.395 

-~ 
SQUARE 

45°. (::::, 
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-,~16:=~i1!~,-

®©®®©© 

o@@©®®©@® 

F@@ 

E@)@ 

o@@ 

©® 

©® 

©® 

c@@ ©® 

a@@©©®©@® 

© © © © © © 0100 
------------' (2:640) TYP 

U4'A(AEVA) 

0.045if iiT4ii 
x45° 

~ 
15' VIEW A·A 

V20A1REVJ) 
al 

I 

! 
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28 Lead Plastic Chip Carrier (PCC) 
NS Package Number V28A 

.!!!!. 
22 (8.280) 

NOM SQUARE 

44 Lead Plastic Chip Carrier (PCC) 
NS Package Number V44A 

O.OfiO 
11.270) 

REF 
17 

10 SPACES AT 
0.060•0.500 

(1.270 •12.70) 

0.526 
113.36) 

MOM 

~ ~·.:~:·.:: ~ 11.270=12.TIJ) 

0.230 
15.1142) 

DIANOM J IP<DESTAL) [, 

0.186-0.180 
(4.191-4.572) 

t t 

f .!!:!!!::!11!. 
(2.642-2.997) 
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~ 
(2.642-2.997) 

VHAIREVOI 

0.045 VIEW W. 

l't}! 
n[ ..... ~ 11.143) 

VUA(FIEVH) 



68 Lead Plastic Chip Carrier (PCC) 
NS Package Number V68A 

r "l 
0.828 Q 0.080•0.IOll 
iii.iii (1.270=20.32) 

NOM 18SMCESAT 

L ·~ (1.270) 
REF (8.382) _i DIA NOM 

PEDESTAL -28 

0.828 
(20.98) 

NOM 

84 Lead Plastic Chip Carrier (PCC) 
NS Package Number V84A 

.. L ~--1 (1.113-1.3411) 
REF 

2fl SPACES AT 
D.047-0.053 ____ .i 

(1.193-1.3411) •- - • 
80 ~ 

!!l!!.::;.Y!L 
(0.132-1.143) 

RAO 
TYP 

4-7 

.!:!!!!. 
(0.508) 

MIN 

0.104-0.118 
(2.1142-2.997) 

0.005-0.015 
(0.127-0.381) 

~ 
(2.642-2.997) 

~ 
(1.143) 

0.950 
(24.13) 
REF SQ 

0.985-0.995 
(28.02-28.27) 

SQUARE 

V68A(AEVG) 

n 1~ ..... 
(2.160) 

••• 
.ill! 
(29.21) JREF 60 WO NO. 11DENT 

ld!!. 
(1.124) 

DIA 
NOM 

D.042-0.048 

0.111-0.111 I I 
crn;::rn;; '.____! 1-:-_~c-;··· 

D.11D-D.1f0 U04 ~-0.048 1..-(4. tt1-U72) {i.1ij ii'.ii7'=r.iiii _J 

O.!m-D.011 
(0.117-D .• 1) 

TOTAL VIEWA-A 

~ 
I 

I 
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Bookshelf of Technical Support Information 
National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical 
literature. 

This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and 
section contents for each book. 

Please contact your local National sales office for possible complimentary copies. A listing of sales offices follows this 
bookshelf. 

We are interested in your comments on our technical literature and your suggestions for improvement. 

Please send them to: 

Technical Communications Dept. M/S 16300 
2900 Semiconductor Drive 
P.O. Box 58090 
Santa Clara, CA 95052-8090 

ALS/ AS LOGIC DATABOOK-1987 
Introduction to Bipolar Logic• Advanced Low Power Schottky• Advanced Schottky 

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS-1987 
SSl/MSI Functions• Peripheral Functions• LSI/VLSI Functions• Design Guidelines• Packaging 

CMOS LOGIC DATABOOK-1988 
CMOS AC Switching Test Circuits and Timing Waveforms• CMOS Application Notes• MM54HC/MM74HC 
MM54HCT /MM74HCT • CD4XXX • MM54CXXX/MM74CXXX •Surface Mount 

DATA COMMUNICATION/LAN/UART DATABOOK-Rev. 1-1988 
LAN IEEE 802.3 • High Speed Serial/IBM Data Communications• ISDN Components• UARTs 
Modems• Transmission Line Drivers/Receivers 

DISCRETE SEMICONDUCTOR PRODUCTS DATABOOK-1989 
Selection Guide and Cross Reference Guides• Diodes• Bipolar NPN Transistors 
Bipolar PNP Transistors• JFET Transistors• Surface Mount Products• Pro-Electron Series 
Consumer Series • Power Components •Transistor Datasheets • Process Characteristics 

DRAM MANAGEMENT HANDBOOK-1988 
Dynamic Memory Control • Error Detection and Correction • Microprocessor Applications for the 
DP8408A/09A/17 /18/19/28/29 • Microprocessor Applications for the DP8420A/21A/22A 

F100K DATABOOK-1989 
Family Overview• F1 OOK Datasheets • 11 C Datasheets • 1 OK and 100K Memory Datasheets 
Design Guide• Circuit Basics• Logic Design• Transmission Line Concepts• System Considerations 
Power Distribution and Thermal Considerations• Testing Techniques• Quality Assurance and Reliability 

FACT™ ADVANCED CMOS LOGIC DATABOOK-1989 
Description and Family Characteristics • Ratings, Specifications and Waveforms 
Design Considerations • 54AC/7 4ACXXX • 54ACT /7 4ACTXXX 

FAST® ADVANCED SCHOTTKY TTL LOGIC DATABOOK-1988 
Circuit Characteristics • Ratings, Specifications and Waveforms • Design Considerations • 54F /7 4FXXX 



FAST® APPLICATIONS HANDBOOK-REPRINT 
Reprint of 1987 Falrchlld FAST Appllcatlons Handbook 
Contains application information on the FAST family: Introduction • Multiplexers • Decoders • Encoders 
Operators • FIFOs • Counters • TTL Small Scale Integration • Line Driving and System Design 
FAST Characteristics and Testing• Packaging Characteristics• Index 

INTERFACE DATABOOK--1988 
Transmission Line Drivers/Receivers • Bus Transceivers • Peripheral Power Drivers • Display Drivers 
Memory Support• Microprocessor Support • Level Translators and Buffers • Frequency Synthesis • Hi-Rel Interface 

LINEAR APPLICATIONS HANDBOOK-1986 
The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit 
applications using both monollthlc and hybrid circuits from National Semiconductor. 

Individual application notes are normally written to explain the operation and use of one particular device or to detail various 
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by 
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index. 

LINEAR 1 DATABOOK-1988 
Voltage Regulators • Operational Amplifiers • Buffers • Voltage Comparators • Instrumentation Amplifiers • Surface Mount 

LINEAR 2 DATABOOK-1988 
Active Filters • Analog Switches/Multiplexers • Analog-to-Digital • Digital-to-Analog • Sample and Hold 
Sensors • Voltage References • Surface Mount 

LINEAR 3 DATABOOK-1988 
Audio Circuits • Radio Circuits • Video Circuits • Motion Control • Special Functions • Surface Mount 

LS/S/TTL DATABOOK-1987 
Introduction to Bipolar Logic • Low Power Schottky • Schottky• TTL • Low Power 

MASS STORAGE HANDBOOK-1988 
Winchester Disk Preamplifiers • Winchester Disk Servo Control • Winchester Disk Pulse Detectors 
Winchester Disk Data Separators/Synchronizers and ENDECs • Winchester Disk Data Controller 
SCSI Bus Interface Circuits • Floppy Disk Controllers 

MEMORY DATABOOK-1988 
PROMs, EPROMs, EEPROMs • Flash EPROMs and EEPROMs •TTL 1/0 SRAMs 
EGL 1/0 SRAMs • ECL 1/0 Memory Modules 

MICROCONTROLLER DATABOOK-1988 
COP400 Family • COP800 Family • COPS Applications • HPC Family• HPC Applications 
MICROWIRE and MICROWIRE/PLUS Peripherals• Display/Terminal Management Processor (TMP) 
MicrocontroHer Development Tools 

PROGRAMMABLE LOGIC DATABOOK & DESIGN MANUAL-1989 
Product Line Overview• Datasheets • Designing with PLDs • PLO Design Methodology• PLO Design Development Tools 
Fabrication of Programmable Logic • Application Examples 

REAL TIME CLOCK HANDBOOK-1989 
Real Time Clocks and Timer Clock Peripherals • Application Notes 



RELIABILITY HANDBOOK-1986 
Reliability and the Die• Internal Construction • Finished Package• MIL·STD·883 • MIL·M-3851 O 
The Specification Development Process • Reliability and the Hybrid Device • VLSllVHSIC Devices 
Radiation Environment • Electrostatic Discharge • Discrete Device • Standardization 
Quality Assurance and Reliability Engineering • Reliability and Documentation • Commercial Grade Device 
European Reliability Programs • Reliability and the Cost of Semiconductor Ownership 
Reliability Testing at National Semiconductor• The Total Military/ Aerospace Standardization Program 
883B/RETSTM Products. MILS/RETSTM Products. 883/RETSTM Hybrids. MIL-M-38510 Class B Products 
Radiation Hardened Technology• Wafer Fabrication• Semiconductor Assembly and Packaging 
Semiconductor Packages• Glossary of Terms• Key Government Agencies• AN/ Numbers and Acronyms 
Bibliography• MIL-M-38510 and DESC Drawing Cross Listing 

SERIES 32000 MICROPROCESSORS DATABOOK-1988 
Series 32000 Overview • Central Processing Units • Slave Processors • Peripherals • Board Level Products 
Development Systems and Tools• Software Support• Application Notes• NSCSOO Family 

TELECOMMUNICATIONS-1987 
Line Card Components• Integrated Services Digital Network Components• Modems 
Analog Telephone Components• Application Notes 
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