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1.0 INTRODUCTION. 

The Extended Display Memory Access (OMA) fetches characters and im~ 
bedded control c~des to be displayed on the screen. The Extended DMA 
fills a line buffer with 80 displayable characters, then trades the 
buffer to the Display Control and Display Timing peA's for actual dot 
generation. The Extended DMA has a bus controller which enables it to 
get characters from memory without processor intervention. 

2.0 OPERATING PARAMETERS. 

A summary of operating parameters for the Extended DMA Module is 
contained in tables 1.0 through 6.0. 

Table 1.0 Physical Parameters 

==~============================================================================= 

Nomenclature 
Size (L x W x 0) 
~/-O.I00 Inches 

I Weight 
I (Pounds) 

=============1==============================1=======================1========= 

02640-60124 Extended DMA PCA 12.5 x 4.0 x 0.5 0.35 

============================================================================== 

Number of Backplane Slots Required: 1 

========s======================================================================= 
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::===:========================================================================== 

Environmental: ( X ) HP Class B ( ) Other: 

Restrictions: Type tested at product level 

=::==================================================::=:::=::==:::==:::===:=: 

Failure Rate: 1.099 (percent per 1000 hours) 

============~=================================================================== 

Table 3.0 Power Supply and Clock Requirements - Measured 
(At +1-5' Unless otherwise SpecIfied) 

=====:=========================================2================================= 
+5 Volt Supply 

, 640 mA 

+12 Volt Supply 

rnA 

-12 Volt SupplY 

~ 30 mA 

+42 Volt Supply 

mA 

NOT APPLICABLE NOT APPLICABLE 
====================================== ======================================= 

115 volts ac 220 vOlts ac 

A A 

NOT APPLICABLE NOT APPLICABLE 
=====z=========z============================================================== 

CloCk Frequency: 4.915 MHz 

====s:=======================_=================================================== 
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=============z================================================================== 
peA 

Designation 

Function 

I---------------------------~~--------------------------------1 In Out 
I ================I ==============================I=z============================1 

MSBI ADDF14, ADDR15 = 1,1 ADDR14, ADDR15 = 0,0 

============.=========================================:========================== 
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================================================================================ 
connector 

and Pin NO. 
====.========== 

PI, Pin 1 

-2 

-3 

-4 

-s 

-6 

·,7 

-8 

-9 

.. 10 

-11 

-12 

-13 

.. 14 

-15 

-16 

-17 

-18 

-19 

-20 

-21 

-22 

Signal 
Name 

================ 
+SV 

GNO 

SIS eLK 

-l2V 

ADORO 

ADDRI 

ADDR2 

AOORl 

ADDR4 

ADDR5 

ADDfl6 

ADOR7 

ADOR8 

AODR9 

ADDRI0 

AODRll 

ADDR12 

ADDR13 

AODR14 

ADDR15 

GNO 

Signal 
Description 

============================================== 
+5 Volt Power Supply 

Ground Common Return (Power and Signal) 

4.915 MHz System ClOCK 

-12 Volt Power Supply 

Negative True, Address Bit 0 

Negative True, Address Bit 1 

Negative True, Address Bit 2 

Negative True, Address Bit l 

Negative True, Address Bit 4 

Negative True, Address Bit 5 

Negative True, Address Bit 6 

Negative True, Address Bit 7 

Negative True, Address Bit 8 

Negative True, Address Bit 9 

Negative True, Address Bit 10 

Negative True, Address Bit 11 

Negative True, Address Bit 12 

Negative True, Address Bit 13 

Negative True, Address Bit 14 

Negative True, Address Bit 15 

Not Used 

Ground Common Return (Power and Signal) 
====::=========================================================================== 



13255 13255-91124/06 
Extended DMA MOdule Rev AUG-OI-76 

Table 5.0 Connector Information (Cont'd.) 
================================================================================ 

connector I 
and Pin NO. I --- .. _ .. ----- .... - ... -. ...... ~-- .. ---..... ---
Pi, Pin A 

-B 

-C 

-0 

-E 

-F 

-H 

-J 

-K 

-L 

-M 

-N 

-p 

-R 

-S 

-T 

-u 
-V 

-W 

-X 

-y 

-z 

Signal 
Name 

================ 
GND 

+12V 

PWR ON 

BUSO 

BUS1 

8U52 

BUS3 

BUS4 

BUS5 

BU5b 

BUS7 

WAIT 

PRIOR IN 

PRIOR OUT 

BUSY 

REO 

Signal 
Description 

============================================== 
Ground Common Return (Power and Signal) 

Not Used 

+12 Volt Power Supply 

system power On 

Negative True, Data Bus Bit 0 

Negative True, Data Bus Bit 1 

Neqative True, Data Bus Bit 2 

Negative True, Data Bus Bit 3 

Negative True, Data Bus Bit 4 

Negative True, Data Bus Bit 5 

Negative True, Data Bus Bit 6 

Negative l'rue, Data Bus Bit 7 

} 
} Not Used 
} 

Negative True, Wait Control Line 

Bus Controller Priority In 

Bus Controller priority Out 

Not Used 

Negative True, Bus Currently BUSY 
(Not Available) 

Not Used 

Negative True, Request (Bus Data 
Currently Valid) 

Not Used 

J 
I 
I 
I 
I 
I 
I 
I 
I 

================================================================================ 
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5.1 Connector Information 
================================================================================ 

Conn~ctor 

and Pin NO. I 
Signal 

Name 
==============1================ 

P3, Pin 1 
through 

Pin -4 

-5 

-6 

-7 

-8 

-9 

-10 

-11 

-12 

-13 

Pin -14 
t.hrough 

Pin -18 

-19 

-20 

-,21 

-22 

01 

EVEN 

LBLOAD 

GVS 

IV 

BLNK 

LOAD 

Signal 
Description 

---------~-----~~---~~----~------------~-----­~~-~~-~-~-----~--~~-----~----~-------~~-~~----
} 

} Not Used 
) 

Negative True, Character Dot Position 1 

} 

) Not Used 
) 

Even Row 

Bus sufter Load 

Vertical Sync 

} 

) Not Used 
} 

Negative True, Inverse Video 

} 

} Not Used 
} 

Negative True, BlankIng 

Not Used 

Line Buffer Load 

Not Used 
===================~============================================================ 



13255 
Extended DMA MOdule 

Table 5.1 Connector Information (cont'd.) 
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=========================~=====z================================================ 
Connector 

and Pin NO. 
============== 

P3, Pin A 
through 

Pin -J 

-K 

-L 

-N 

-p 

-R 

-S 

-T 

-u 

-v 
-w 

-x 
-y 

-z 

Signal 
Name 

================ 

OCIRC 

OCIRCEN 

BITO 

BITl 

81T2 

BIT3 

81T4 

BIT5 

81T6 

CYS 

Signal 
Description 

============================================== 
} 
) Not Used 
} 

Line Buffer Circ~lAt1on 

Line Buffer Circulation Enable 

} 
} Not Used 
) 

Negative True, ASCII Bit 0 

Negative True, ASCII Bit 1 

Negative True, ASCII Bit 2 

Negative True, ASCII Bit 3 

Negative True, ASCII Bit 4 

Negative True, ASCII Bit 5 

Negative True, ASCII Bit 6 

Negative True, Cursor Y Position Strobe 

} 
} Not Used 
} 

================================================================================ 
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Table 6.0 Module Bus Pin Assignments 
=====::========================================================================== 

Function 
p4~rformed: 

Pc)ll Bit: 

Extended DMA OnlOff, Maybe EOP, 
Maybe SKIPEOL 

Not Applicable 

Module Address: (ADDR 11,10,9,4) = (0111) 
Note: Module Address is actually 

decoded by Display Control PCA. 

Function Specifier: 

Extended DMA responds to CYS on 
P3, Pin X. 

(B6 85) Extended DMA Control (See table below) 
(84 83 82 81 BO) Cursor Y Position Set 

Oata Bus Bit Interpretation: 

87 Not Applicable 

86 B5 DMA CONTROL FUNCTION 

---------------------------DMA On 
OMA On, Maybe EOP 
OMA Off, Maybe SKIPEOL 
DMA Off 

84 Cursor Y Position Bit 4 

~3 Cursor Y Position Bit 3 

82 Cursor Y Position Bit 2 

81 Cursor Y Position Bit 1 

80 Cursor Y Position Bit 0 

Bus 
Value Signal 

.. -- ... -.-- .. -----_ ..... _------_ .. - -----------.-
X ADDR 15 
X ADDR 14 
X AODR 13 
X ADOR 12 
0 AIiDR 11 
1 AODR 10 
1 ADDR 9 
X ADDR 8 
X ADDR 7 
X ADDR 6 
1 ADDR 5 
1 ADDR 4 
X ADDR 3 
X ADDR 2 
X ADDR 1 
X AD DR 0 

-------- --------------~------ --------------
B1 BUS 1 
86 BUS 6 
85 BUS 5 
84 BUS 4 
63 BUS 3 
82 BUS 2 
81 BUS 1 
80 BLS 0 

---~----~---~---- ... ~~ ------------------~-l=Logical 1=Sus Low 
O=Logical O=Bus High 
X=Don·t Care 
---~-------~-----~--------~-~~----~-~~--~-

================================================================================ 
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3.0 FUNCTIONAL DESCRIPTION. Refer to the b~ock diagram (figure 1), 
schematic diagram (figure 2), timing diagram (figure 3), component 
location diagram (figure 4), and parts list 02640-60124 located in 
the appendix. 

The Extended DMA PCA fetches characters from the memory to refresh the 
disPlay. Each line of characters is found In memory by fOllowing 
through the linked list which begins at the top address of logical 
memory. Imbedded in the list are control codes to select alternate 
character sets, alter selection of video enhancement, indicate an end 
of the current line or page, and link to another part of memory. when 
an end of line code (EOL) is found, the Extended OMA pads the current 
line with blanks out to column 80. When an end of page (EOP) code is 
found, the Extended OMA pads the remainder of the current line with 
blanks and fills all subsequent lines of the current frame scan with 
blanks also. 
also. 

The start of a new frame is indicated by receiving a GVS (vertical 
Sync) signal from the display timing circuit. This pulse sets the 
Extended DMA PCA address register to point at the top of memory. 

The start of a new line is indicated by INTSET. This pUlse resets the 
column counter to O. This allows the Extended DMA peA to begin fetch­
ing characters from memory (or padding with Dlanks) until 80 characters 
or blanks have been loaded into the line buffer. When the line buffer 
has been filled with 80 characters, the Extended DMA freezes until the 
next INTSET, at which time it starts up to fetch another 80 characters. 

The Extended DMA has an address register which it uses to drive the bus 
when fetching c·haracters from memory. This register is implemented 
with a presettable counter, which is normally decremented after each 
byte is fetched, whether control bytes or displayable characters have 
been fetched. When an EDL has been fetched, decrementing is disabled 
for the rest of the current line, and when an EOP Is fetched, decre­
menting is disabled for the remainder of the page. When a link is 
fetChed, this is detected when the MSB of the link has been fetched, 
the address counter Is decremented and the LSB Is fetched from the 
address immediately below that from which the MSB was fetChed, and 
after the LSB fetch, both LSB and MSB are parallel loaded into the 
address counter, thus pointing it toward a new part of memory as 
Indicated by the link. 
link. 

3.1 ADDRESS DRIVERS. The addre~s drivers consist of three 8097 3-state 
drivers, of which 16 drivers are used to drive bus address lines, and 

the remaining two drivers are for the REO and BUSY lines. The address 
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3.2 

3.2.1 

3.2.2 

3.2.3 

3.2.4 

3.3 

3.3.1 

3.3.2 

signals are presented to the drivers by the address counter for ADoRO 

through AODR13. The MSBI Jumper provides for setting ADDR14 and ADDR15 
to either "1" or "0", to provide backward compatiblity with the 02640-
&0009 DMA PCA design which drove only 14 address lines, where the new 
board drives all 16. 

ADDRESS COUNTER/REGISTER. 

The address counter/register holds the address of the current byte to 
be read from memory by the OMA. 

the address counter/register consists of four 14LS161·s cascaded into 
a 14-bit counter. The normal mode of operation is to increment the 
counter after each byte is read. Note that incrementing the counter 
actually decrements the logical address. 

The Vertical Sync signal (GVS) clears the counter to "0". This effect­
ively sets the counter to all "1" ·s since the address bus runs on 
negative logic while the counter is positive logic, and there is no 
inversion between the counter and the bus through the drivers. 

The parallel load inputs are driven trom the MSB (Most Significant 
Byte) latch and the LSB latch. Only 6 bits are taken from the MSB 
latch, since only 14 bits of address are settable, with the two most 
significant bits controlled by the MSBI Jumper. Clocking of the 
counter takes place at the end Of the bus cycle, at the end of the 
Release state of the bus controller, and 200 nanoseconds after the end 

-of the REO on the bus. Thus the addresses are changed at the same time 
as the drivers are turned off. 

MSB LATCH. 

The MSB latch holdS data read from the bUS while it is decoded and 
either loaded into the line buffers, or interpreted. It also holds the 
MSB of a link cOde. 

The MSB latch is loaded at the end of REQ on the buS for all byte read 
operations except the second byte (L58) of a link address, Which is not 
loaded into the MSB latch. The latch is implemented with 14LS17S·s to 
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3.4 

3.4.1 

3.4.2 

3.5 

3.5.1 

3.5.2 

3.6 

provide complementary outputs. The inputs are driven from the LSB 
latch, to which space cOdes are DRed for EDL and EOP padding. 

LSB LATCH. 

The LSB latch should be transparent at all times except during the 
200 nanosecond period of the second byte of a link read, when the LSB 

latch holds the data from the end of REO untIl the address counter is 
loaded. 

It is therefore implemented with 74LS15's which are enabled at all 
times except for this 200 nanosecond period. This tImIng Is derived 
from the bus controller states. 

ROW COUNTER. 

Th~ row counter contains the row number currently being loaded by the 
Extended DMA' into the line buffers. It Is not the line currently being 
displayed-on the screen. 

The row counter Is reset by GVS and clocKed by the row clock generator, 
which itself is set bY INTSEl, and reset by findIng a link whose four 
least significant bits are not all "1" 's, thus indicating a link to a 
next row pointer. The row counter is implemented with one 74LS293 and 
one-half 74LS113 to aChieve a S-blt binary counter. 

POW COMPARATOR. 

The rOw comparator compares the rOw counter contents to the Cursor Y 
pOsition sent out by the processor to determine whether the Extended 
DMA and the processor are working on the same rOw simultaneously. 

The rOw comparator generates a signal called MATCH Which is used to 
gate EOP and SKIPEOL latches. The two h1gher order bits of the Cursor 

Y pOsition (BUSS and BUSb) are used to indicate whether EOP or SKIPEOL 
is to be affected. SKIPEOL ~ill only be affected if the Extended DMA 
has previously seen, and stopped on an EDL In the current line. EOP 
can be set anywhere during the current line. Additionally, if the 
Extended OMA Is turned off for any reason while it is 1n the middle of 
reading a link on the Cursor y then it will also do an EDP. 
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3.7 

3.7.1 

3.7.2 

3.8 

3.8.1 

3.8.2 

3.9 

3.9.1 

POWER ON BLANKING COUNTER. 

The power on blanking counter blanks the display and sets EOP during 
and fOllowing a PWR ON signal. 

There are two parts to the counter, both of which are reset by PwR ON. 
The short counter consists of one 14LS74, whicn is clocked by INTSET. 
This generates a delay after PWR ON of at least one full line time 
(666 microseconds). The long counter is set by filter PWR ON only 
after 500 nanoseconds of active PWR ON. This prevents the long counter 
from being triggered by static discharges. The long counter is actually 
a 74LS164 shift register which is clOCKed by GVS. It provides a blank­
ing signal at least seven vertical frame scans in duration, to allow 
adequate time for the Extended OMA to get the line buffers filled with 
blanks before the screen 1s unblanked. The outputs of the Short and 
long counters are ORed together to drive the blanking signal and to 
set EOP. 

COLUMN COUNTER. 

The COlumn counter contains the number of displayable characters wnich 
have been fetched in the current row. 

The column counter Is implemented with a 14393 and one 14LSOO gate. 
When the counter reaches 80, the gate decodes this state and disables 
the bus controller. This can occur only after 80 bytes have been 
loaded 1nto the line bufters, s1nce the l1ne buffers and the column 
counter share the same clock. This ClOCK is derived from the bus 
controller state following the Release state, and is ANOed with the 
data output of the byte deCOder, to prevent counting links and control 
codes as displayable bytes. The column counter is reset by INTSET, and 
this removes the =80 s1gnal, allowing the bus controller to begin 
reading data for a new line. 

BYTE DECODER. 

The oyte decoder exam1nes the bit pattern of eaCh byte as it is read 
to determine whether it is a control code, a data byte, a Link MSB, 
an EOP, or an EOL. It provides signals to the inputs of the byte type 
latChes to allow them to be ClOCK during the state following release 
of the bus controller. 
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3.9.2 

3.10 

3.11.1 

3.11.2 

3.12 

3.12.1 

Extended DMA byte decoding: 

BIT 1 6 5 4 3 2 1 0 MEANING 

0 X X X X X X X Data Byte (Displayable) 
1 0 X X X X X X Display Enhancement Code 
1 1 1 X X X X X Link MSB 
1 1 0 1 X X X X Link MSB 
1 1 0 0 0 X X X Firmware Flags 
1 1 0 0 1 0 X X Firmware Flags 
1 1 0 0 1 1 0 0 EOL 
1 1 0 0 1 1 0 1 EOL 
1 1 0 0 1 1 1 0 EOP 
1 1 0 0 1 1 1 1 0 (Displayable) 

BYTE TYPE LATCHES. 'I'he byte type latches are clocked for each byte 
read from memory. They hold such information as whether an EOL has 
been seen on the current line, wnether an EOP has been seen on the 
current page, whether we are fetching a link, whether we are waiting 
to skip one EOL, and whether the previous line ended with an EOL. 
These latChes set up assorted gating throughout the Extended DMA' 
circuit. 

ODD/EVEN LINE BUFFERS. 

The odd/even line buffers are 80-byte shift registers whICh hold the 
characters to be dIsplayed on the screen. 

At anyone moment, one of the buffers 15 being loaded by the Extended 
OMA and the other is being read by the display dot generator. When the 
dIsplay has completed its current line, the buffer eXChanges roles wIth 
EVEN, and the Extended DMA begins fl111ng the now empty buffer (by 
INTSET). The cycle alternates. the buffers all the way to the end of 
the dIsplay frame, when the whole process begins agaIn wIth GVS. 

SELECTOR. 

The selector U29 Is drIven by the display control circuits, selecting 
either the even or the odd lIne buffer for dIsplay, and allowIng the 
unselected buffer to be loaded by the E~tended DMA. 
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3.12.2 

3.13 

3.13.1 

3.13.2 

This is done by routing the clock pulses generated by the Extended DMA 
circuitry (from U19, Pin 8) and the Display Timing PCA circuitry (from 
P3, Pin K and P3, Pin L) to the appropriate (odd/even) line buffer. 

BUS CONTKOLLER. 

The bus controller generates the bus control and timing signals to read 
characters from the display memory. 

The bus controller is implemented with four 74LS113 flip-flOps. The 
controller is disabled from running by the =80 signal from the column 
counter. When enabled, it continually runs through its states reading 
characters from memory. It also has auxilliary gating to generate most 
of the timing and control signals used by the other functional bloCKS 
on the Extended DMA PCA. 

STATE NAME STATE CODE 

Idle 0000 
Bus Bid 1000 
Bus Obtain 1100 
wait 1110 
Request 0111 
Release 0011 
Load 0001 
Idle 0000 

Note that the REO signal is not driven by the bUS controller if either 
EOL or EOP is active. This results in controller cycles Which have no 

excess Wait states, since no REO causes the bus line WAIT to be pulled 
low, although some module may be addressed during this cycle. Note 
that the EOL or EOP signal is synchronized by U12, Pin 5 to prevent 

generation Of a short REO signal in the event INTSET arrives during a 

blank-fill bus cycle. Short REQ cycles can cause read-refresh failures 
in dynamic memories, which then show up as modified memory contents, 
even though the DMA is incapable of writIng. The GVS disable gate U41, 
(Pins 11, 12 and 13) serves the same general purpose, namely prevention 
of modification of the address register during a bus CYCle. This 
problem Is difficult to diagnose. 



BuS 
~7'A 

GVS 

cut. 
HI.IlIN) l',oIl-?, 
...cIT ... 6/.Jl ~ ~E4J 

* 

All~1 
I~ 

AOOR.6s~ £:)R. \ vt'RS. ~ ~ 
IN , 

II.) 

}f4-
L~ ",)'T aA: 

'lIS A()()~t;s C(N1.J,t!~/ ~t:r.I'T~( t4JAI 

L,e, '''' I'Is,s IAJ 

J~f 'II. 
It. 

L.Se f1!:.8 

LATCJI DkT"A ~ Lo4'b/ 1/ ()e~E(J j)4T-4 
I~ t)cJT 

r , 

Ewu.c eLI:: OM,.. (IN/OI~ 
5 $1(,'£&1.; Eol 

IIJ 
Row ~ow 

COYAj-rIR. COHA4~ ~ HATCH 

o:~~ tIlT ~ IN 

CL~ CNT 

<D41 OA,. 

~R. ON CoLuNA) ~ 
!l.AN"-/N(. COUAJ7t~ - cOC,J~ ():7t 

ourC'IA CL< 

t 

tfb6r 

-=-

I.DAI) .. OtIII~SS (LI/V1l IbIAJ7612) 

,/, 

'" 8y7! n1'! 
irrE. tATa.IE's 

D&::.oD6( ~ IN 

~ our 
OOT W 

'$IT LD4IJ 

.~ 

-~ 8us ~-
'~A&c¢ RE~ 

COI\IT(bI4'~ 

QoC. 

C .. " J ,.,~ ,'" J 1~,OIt 6JT~ 
IVAI~ MY> il.G4:l 

').",,,,,0 
LINE 

~ SUPPeRs *-fA,) OUT 

CLlx.tI. 

J 
st~ ----1.'N£~~1. 

~'-OC~ 

SEt.ECTOtl., 
f*--"'" I.tMI 

t.0;4I) llfTA t 

Figure 1 
Extended DMA Block Diagraa 
AUG-01-76 13255-91124 



IlIT 1'1-'" 

At" Pl-H 

tar ".~ 

JIa n-Ii: 

iiifJ- n-r 

~ t"I..-N 

lin I'1-F 

~ P'l-f 

7~!j:~~=t 
~~~~li!~ 

t- .. r- .... 
'7-:7"fo 
~i:6:~ 

I" - - - - - - - - ---, 
I 
I 

I 
I 

I , 

I - - - -j 

: ().,.,.L I 
.,-;;- , 

'-- _~ __ I -------------.. LIII/e G",f+{;i?$ ; 

,----"-" -t~II.3UD01.I_'I'------------'.'_IA~Il' .. !..----.;......i_,,_IJ W 
..-_:-+ ___ ....... '--IQU., .. 4 f 11 .. 1# 1'11-01 Il!It 

I .---1-1 .I---~"'~'" CIa 1 'C.l "IJ -. /1-1' li7f 

'" ~r9!4 2,:t
aci. , 

I 

"'~~"".' "71'1 CIt" ,,"""" ~ 

----, I r-i~ -~ : 
l..SB LATCN I r -- - - - -1 ~ __ '''---I~I-'''-----+_-+---' I r:t:7'" 

I H,8 <.ATe>! Hf_+-i4----·~=""catc'·L--_i--t__-....I I r~~ " 
_---------;~74~ ~ I :;~ I H~I_--..!/::..O -jn D.:I-'!......-I--+---....I I 

OW'.... I I ill'lJ."--~I--+_+--+----II--+-----, t-;.+-----!.lr~:CU( ""I-""'-~ _-+-_---+ ___ -1 I 

~ _____ ~~'~ ~" f., ~1-.~~I~~-~--~~-1_--------------------------------------__ ~-+~ I 
.. I) .. /IT I 'v i ... 13"---~f_+-+--!---IH_; , - • as, II ! 

~-----~~3~ ~~ I'n~~o ~~.~6~.~H-__II_-__I~~+_-----------------------------------------+~+-~ "..... r---' 
l\l 4. I' J U~J I ,....---Liu~/.!OIDI-''---~--++----...!·~~L QII~_+--"._,;..I PI-T InS 

,;.. _____ --:~L'-k8 ffJ,.1 1.1 41> -liIr/''-~__tiit-t_1i--_t_.....,...-+t_1~-----------------------------------------+-H-----l ,...---L nUilJ,Gi\-'4'--~ _ _++----.!!4~ 11 f8~-+--~"""'"S .".. 
IS< .:;. • I Ui (I.t( I ~ l) .. 1--7L-H-++----9...LlCL qt!""=+-+----;;.. __ , ,,-~ Jm 

7if-T I I ~1 -l€~'1~I:t=I=t::;_-4----t-H-t-----------_, '.£- 10 CU( 1lff.!
/
.l2......H-++----...!.7-jlll t.I!!II.=+-+---;.....,;..; fN m; 

: 7 ~ 4 I . I 2 I , ~ 10 I ~S."H rd ;-:;, ,I' : 
__ ------:~-lIO IIQ r~ , 10 AI \-'1O!!!...-¥.1~ ....... _t_---~f-++-I--------------t-----------------------------I-+-I----..;...!I--.... -.~ rr1'~ /I" n-c- o;r 

: , WU" ~ I 'l "JI1-/<L',-t.!t-+--+------, f-,.!. ~ It '" .;." I ' 
~------=~-l2" 1M • I ao .... I--':'::-hit-+----i----t++-H------------_t_-----------------------------I--H----::-!--:::f ~tl- 12"2, .. 4 j<"2 _10 I ' 

: .. ~ UH ,. 14 , ,'" _. .. ' _ I, 

~ _____ --:~3-l~ .'~I ~lD ~L7_7~1~-_1---1-+_r+_ri------------+_--------------------------------------------4-~--~M_~~J~~ •. 
I I 141 '-- " • ~ z4<ui I I ' 
, ~ ~r;;-j ,...-_.--.... --,,,. '" ~ I. ,~ , ~--------:~4J.D • I. • _~.~'.~--~~~~~~~~~~~~~~~---------+_------------------------------------------------4-~----~~~~~ 
, "IS" ~ I I 14 2.2\./o ~E~ '-----1--,! LYfS.q- 7 JI '-1 -;k-;-;~t - - -1 I <;\., I : 
I L.-~ c:~:L'/ ~_~_ T'5"il ~ I 
I r---== 'r11"1P~----___ 1-1·-~·"" ~--- Ibf '4111 (.1+3 I :~~~~ '·"lfl I ' 
: 1(0l0I.... IS aiR Ii" 1" -- - - -, L, n '~ 0 .... .., I I c 8 At-::.... Q C&& :~ I : 
: ICOH"~~1IIl 141":"/~J .. .b I II/P~,~",~rll I"L1L8"'T~ Ir ---------------.----,/~ ... : 
I L ~ I I 3' 1 ~~ -- BYTE TYPE. L.4TCHES ... , .. ~ ... ------------ - , , ----- ---~.-~ ~f~~~'·J 8 ~.,~,~~~I.===~~===~~~~~~~~~----~~~~~,~~U--~~U-~~=-~-~., I r-- --- 1 L t-'" Lzj ,........- ~ I I fJ- ~ 
I ..-.,_ 1)""--: L --~. I ~ ~~ '1-"-=e::Q_!-I~ I ____ -+----I--J rl-l-----.' 
: I e~~££ " "(T ~: 2t3 t~ ~Q' I I ~n :::: ~, sn:""1 l .... p-: ~ ~~ P ........ ---+I -;.~-l&-' ~-,-~-u .... -t--h~~'- ~l ;.. -.... 4T. f;x ~V"sz. ..... · II I ...--JL I: rJ., UaN 
, ,. K =S1J ~ 1 ,;on ~ o.s r ~I I ~ll:i s: K ... " <If •• Ol"Q flUl'" T 'I .,., ' IIL.I- , 

I • ~ _ CiA. ,r iii c..e I t.1AJE. AiRE( jLslS7 I' 
I I ---'.~--~-~~~~----~------------~-¥I~~f·~~ctij~~~~n:Sj~;t~1r"~--jt~:F:!::"'~ I I -~~ ~ , 

t I' ~ ''tIf(IT~u ~,~ I t L-,~/_ II IL..~ ~ ~~02 f- J - - - -~ _ ... I " ~- Q "I-- ~ ~ ~ .. "'.... : <~~ ... ~..,.. ~ :.'./,,, = ~ ())~ ~ I I· IV :;r" : 
: 1 7Gb IL.l I ~I,. __ d. ______ •• __ '--:;:J I 7 zr :~~: n-tt~"1< 
: 1.1~ I 1 --.-- •• ---~[j=r' I Q u,e' .. kl "/2 : 

~~' J ~----H+~---+----------~-~-+-+--~--~-~---~--~I~+--I ~r~ I ~_~ I'/~~ 
, L. ~L • I ~ , _~ IlL-;;-" 1 .~z I 

---,-"",,--- II ~ .• 'I ~I.~ I 
2ii n-/( >":--+~u~IOI.~s-----+-++-I---------,H...J II :::::::if p!!-~~ r qIJS~, I I ~ ~~f- &.., 11K I I....J 

~1~~::~~~~~~~=1~~~~lij~~~;;;;;;;;~I;;;;;;;;;;;~==~;;;;~;;;;;;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~/·~~.Ff=i======il~3=~~ 1 L. ...... _ ~------iiiii"'-1'~ I L_I-___ :..:----- ...J I 
~~~~~~~t;~~~~~~~~~~~~~~~~;;~~:h~~~~~~~~~~~~~~~~~~~~ ... ::j ... ~~---;=~-~~ ... ~~ ... ~; .. ~§-~--~~~~~~~~~~~~:f=t~~~ff~~~=f====_r----------------------JL----~ ".u '"-r---.------- r-----~ JJS~"J " 'J ~ ~d I 

p'Nl2. 0", &~AI/U"'" CTC, I - ~ 1 ~ .... to /1 ' r - - - ~ - -I ,,~ • .!r.iJ>LJ ?SV 'G .--<'__-....J ~ ,.1-=-
SIIOAT...... I '~~r -=.- ..... 6,- .,,:::~-----, I r- ~rr U ~ , q- I 

I ~
a 113' 5" I "~,L 4# I . I bl J~... IA ~ II 12 ". ;0 41. " .. rio .. 'L~' t=J::=ijt/O ~~I-'I.+_+_-+_..j.''''I .. ~ ~ p a ~ " ..... n. t< 1\0" a"': I.S,,#-""" Fj""7'=' I' 74J'.5, /I I ~ ~,",1I3 ~ .~ '/. .... 3 /' ~U"3 , $LoI" I 

I ,. .. U5"I eLK ~ 11./0 oS« i'< cU( r< eLI< r 1><=.... I tm. 
m,cu. a:r 112 m ,,/JII' I ~< "II (15"11 , 13 tJ5"I' S I" u~" q l IH-I/ < "" I ~" c.. +-"-:r ~ :r - Q ~ C/ t IV 

""'If'" Pl-/) -----",f.4! 'A'" L I 3 IJ 11 Q +.,', Q II L..t_'_:;"_._~-___ -4....J 13 ,e~ ~2 I I I~ '--1f,; 1~ I ' ~JI) II 4 i ".. ...-1----..1' ___________ 1 [r
UI 

I 
~~T n-M~------~~--;JI~~~==~==~=f~==~==~==~==~==~::~=4~~==~==~=--=~==~~==~==~==~----~--~.~"o-,n-.------~I =. ': ~i~~i,:::::::~ .. ~ ....... ~~~:::::::::::::!:::====:=::=:::::::::::::::1:::::::::::::::=:::::::=====:=========:===:==~::~=====:==j:t====:::::tj:t:=~========ilJ~~'1~)J·L, r -1--, =_-= ~ _~ -= .:-: ~ _____________ _ 

• I. = I 
M~~n~~,-------------------------4--------------------------~--------------------------------------------------------~~--------~-+-----------I--~--~ • " 

I 
I _____ ..J 

~ n~~,---------____ ----------------+-----------------------------------------------~·~------~ L--------1----------+----------~ • 
l'H. t "'-*" 1 _v I $1 f-""~I r':'~ 

' ...... 0 ~·~H_h-'. I Il r"7 If. ..... ' 

~ f'H ' T~ .. Ilr~~~~-- ---I 

~ 1'1-~q £IIF ±.,/ -I." ~ I: 
L-=~ __ -_~D __ _________ ., _______________________________________________________________ ~_~ =_'::"_":':_-=--_ ~.:':"'_ ~~~_~ ~_~_J 

Figure 2 
Extended DMA peA 
AUG-OI-76 

Schematic Diaqram 
13255-91124 



5IGtooJAL. CQI-J"I Ix 0 ~lt) NAtooII .. PIN NO. I 
~'tS CJ..1t( PI-3 

~R10A.aLJT PI-U ---, 
~USy PI-V\! 

~ PI-V 

BUS TP·I 

L.se CoL.I<. 

M~e. GL.K 

TYP£ GJ..I(. 

l.OAD 

NOTe!l~ 

I. r~l~ DIA.6~~ OE:TAIL& T'-I& TIMING, Q.ef..A.Tlot\J5~/PS 
~N==N T~E. e>L6 CONT~OI..'-6JZ. 516N~'-~ "'eusy", 
"~e'r, "P~IO~ OUT", AND rl-&E IN'jE.RN~L 5'~NAL.S 
Nl-llc:.~ ,-oAD il4E. I-~e I..~TC~.) T""'S M'5B LATGJ"{, 
;~E. e,YiE rYPE L.ATCi-t, A.NP r~e L-INe. eUFS:-&~ 
TO r~E. eus CYCL-e. I<E'~LJE:.ST L.ATG~. 

1000 ,too 1400 I(M)O 
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Figure 3 

TIME. (n sec) 

Extended DMA Timing Diagram 
AUG-Ol-76 13255-91124 



@.ill 02640-60124 DMA 
A-162242 

~ ~ ~ 
C9 

C4 

~ ~ ~ U24 < U25 < U26 ~ 
C5 

8B U33 ~ U34 < U35 < U36 ~ 
R1 @> C7 

81 U42 < U43 ~ I U44 < U45 < U46 ~ 
C6 C8 

G B ~~ 
R2 

I U27 ~ 

I U37 ~ 

I U47 ~ 
C3 +1 

~ R3 

~ ~ ~ 
C13 

U28 ~ U29 ~ ~ U211 ~ 
C10 C11 C15 

U38 ~ 1 U39 < B U311 ~ 
C14 

U48 ~ ~ ~ ~ 
C12 R4 C16 

G ~ ~ ~ 

F1gure 4 
Extended DMA peA Component Location Diagram 
AUG-Ol-16 13255-91124 



IReference 
IDesignation 

(.'0 
(,1 

'8 
t9 
tl0 

H 
E2 

Jl 
J4I. 

Ql 

U11 
Ul.l 
UH 
U19 
UU 

U2, 
U23 
U21t 
025 
U26 

Ul1 
U26 
U29 
U::'i 
U.il 

U3u 
U.i9 
U41 
U42 
U43 

... ,110 
1..1111 
U4I..l.O 
L121J. 
LillO 

LI~ll 

1..141U 
LI411 
LI!::i!U 
U!)11 
1~1 

HP Part 
Number 

02 e4D-b012 .. 

0180-039:3 
0150-0121 
OHD-11~6 
0160-2055 
Olt0-20SS 

Olt0-20SS 
o lt0-20S 5 
OU0-20SS 
o H0-20S5 
Olt0-20S5 

01£0-205.5 
Ole0-20S5 
0160-2055 
01t:0-205.5 
Olt0-2055 

0160-2055 

03t:D-0124 
03to-012o\ 

12 !l-06~H 
12!1-0c.97 

18!1t-0071 

06£3-47.25 
06t3-4715 
06£3-4125 
06t3-4125 

18~0-114/t 

18~0-I.l13 
18~0-141t3 
18~0-1201 
Uj~0-12U 

18~0-1204 
1820-1131 
18~D-l/tll 
18~0-l'tll 

1820-1346 

1820-1346 
1820-l't44 
li20-1470 
1820-1112 
1820-1202 

1820-1195 
18~0-0716 
Ul~D-01l6 
18~0-1818 

182D-1818 

UI~0-1346 
18~0-131tC. 
1820-1197 
18~0-1216 
1&20-1082 

1820-1195 
18~D-IO't9 

182D-I049 
1820-1049 
1820-11t44 

18~D-IH4 
1820-l't33 
1820-1201 
182D-1191 
1820-1144 

1820-1197 
U120-l.tt64 
Ui20-1361 
1820-1212 
U120-1112 

1820-1212 
1820-1203 
1620-121.3 
1820-1201 
1820-1213 
1258-0124 

Qty 

1 

1 
1 
1 

13 

2 

2 

3 
1 

3 
4 
1 
3 

1 
1 
2 

2 
1 
2 
1 

2 
2 

2 

3 
1 
1 

3 

1 
1 
2 

Replaceable Parts 

Description 

DHA ASSEMaLY 
DATE CQDE: A-1622-42 
REYISIQN DUE: 09-08-76 

&APACITOR-FXC 39UF+-I0S 10YDC TA 
&APACITOR-FXD .1UF +aO-20S 50~VDC CEa 
CAPACIIOa-FXC 15UF+-I0' 20YDC TA 
CAPACIToa-FXD .01UF +S0-20' 100WYDC CEa 
CAPACnOll-FXO .01U1' +S0-201 100WYOC CEa 

CAPA&I T08-f'XO .01UF +S0-20~ 100WVDC CEa 
CAPACllOR-FXD .0IUF .. 80-2~ 100WYOC CEa 
CAPACITOR-FXD .01UF .. S0-20S 100WYOC CEa 
CAPAC! TOa-fXD .01UF .. a0-201 100~YOC CEa 
&APACITCR-FXO .O~UF +80-201 100WYOC CEa 

&APA&ITOR-FXG .OlUF +80-20' iOOWYOC CEa 
CAPACITOa-~XO .01UF +80-20~ 100~YOt CEa 
&APA&IlOR-FXD .D.lUF +S0-201 100WYDC CEa 
CAPACITOa-FlD .O~UF "80-20~ 100WYDC CER 
CAPACITOM-EXO .01UF +80-201 10GWYOC &ER 

CAPACITOR-FXO .01U~ "80-20~ 100WYOC CEa 

TERMINAL-STUD SGl-PIN PRESS-MTG 
TERMINAL-STUD SGl-P'N PRESS-MTG 

CONNECTOR-SGl CONT SKT .022-IN-8SC-SZ 
CONNE&lOR-S~l CaNT SKT .022-IN-SSC-SZ 

TRANSISTOR "lIN SJ P0-300MW FT-200MHZ 

RESISTOR 4.1K 51 .2SW FC TC=-400/+700 
RESISTOR 410 51 .25W FC Tt--400/+600 
RESI~TOR 4.1& 5' .25W FC Tt--400/+7oo 
RESISTOR 4.7& 51 .25W Ft TC--400/+7oo 

I('-DIGITAL SN14LS02N TTL lS QUAD 2 NOR 
IC-DIGITAL S~7~Sl13N TTL lS DUAL 
It-DIGITAL Sh14LS293N TTL lS BIN 
IC-DIGITAL SN14lS0SN TTL lS QUAD 2 AHD 
Ie-DIGITAl SN1~SI13N TTL lS DUAL 

I'-DIGITAL SNl/tlS20N TTL lS DUAL 4 NAND 
Ie-DIGITAL DMS16QN TTL 
IC-DIGITAL SN1~S15N TTL lS D-TYPE 
Ie-DIGITAL SN14LS75N TTL lS o-TYPE 
IC-DIGITAl LMS3120NC PMOS QUAD 

It-DIGITAL TaS3120NC PMOS QUAD 
Ie-DIGITAL ~14LS29SN TTL lS QUAD 2 
I&-DIGITAL SN1~S151N TTL lS QUAD 2 
I('-DIGITAL SN7ltLS14N TTL lS DUAL 
Ie-DIGITAL SNl~SlON TTL lS TPl 3 NAHD 

IC-DIGITAl SN1~SI15N TTL lS QUAD 
1&-DIGITAl S.14161N TTL 81N SY~O 
It-DIGITAL 5.74161N TTL BIN SYN&HRO 
Ie. DIGITAL 14lS161 
IC. DIGITAL 14LS161 

IC-D.IGIUL T""S3120NC PMOS QUAD 
It-DIGITAL T"S3120NC PMOS QUAD 
Ie-DIGITAL SN7'tlSOON TTL lS QUAD 2 NAND 
IC-DIGITAL ~lltLSl38N TTL lS 3 
I('-DIGJTAl SN741~lN TTL 10 

It-DIGITAL SN14lS115N TTL lS QUAD 
Ie-DIGITAL 0.S097N TTL HEX 1 NON-INV 
I&-DIGITAL DaB091N TTL HEX 1 NON-INY 
1&-DI6ITAL D"8091N TTL HEX 1 N~N-INY 
IC-DIGITAl SN1~S29SN TTL lS QUAD 2 

I~-DIGITAL SHl~lS02N TTL lS QUAD 2 NOR 
I~-D1611AL SN1~SI~N TTL lS R-S 
I~-DIGITAl S~1~lS08N TTL lS QUAD 2 AND 
IC-DI6ITAl SH1~SOON TTL lS QUAD 2 NAND 
I&-DI6ITAL SN1~lS02N TTL lS QUAD l NOR 

IC-DIGITAl SN1~SOON TTL lS QUAD 2 NAND 
IC-DIGITAl SN1~393N TTL DUAL 81N 
IC-DI6IJ.Al SN1~SQ8N III SQUAD 2 AND 
I~-DI61TAl S.1~SI12N TTL lS DUAl 
I~-DIGIIAl SN1~Sl~ TTL lS DUAL 

It-DIGITAL SN1~S112N TTL lS DUAL 
I~-DI6ITAl SN1~SIIN TTL lS TPl 3 AND 
It-DIGITAl SN1~SI13N TTL lS DUAL 
Ie-DIGITAL sa1~lS08N TTL lS QUAD 2 AND 
Ie-DIGITAL SN1~S113M TTL LS DUAL 
PIN-PROGRAMMING JUMPER;.30 CONTACT 

Mfr 
Code 

280\80 

562S9 
28"0 
56289 
za"o 
28~80 

Z8480 
28~80 
28480 
28480 
Z8~80 

28~ao 
28~80 
28480 
28480 
28480 

28<\80 

28~80 
28480 

22526 
22526 

28~80 

11121 
01121 
01121 
01121 

ct1295 
01295 
01295 
01295 
01295 

01295 
2101+ 
01295 
01295 
01295 

01295 
01295 
01295 
01295 
01295 

01295 
01295 
01295 
28480 
28~80 

01295 
01295 
01295 
01295 
01295 

01295 
2101~ 
2701+ 
2101~ 
01295 

01295 
01295 
0129S 
01295 
01295 

01295 
01295 
01295 
01295 
01295 

01295 
01295 
01295 
0129S. 
01295 

Mfr Part Number 

1500l9flX901482 
01Se-0121 
15001 S6X902 082 
01610-2055 
0160-2055 

01~2055 
0160-Z055 
016G-2055 
016G-2055 
01610-2055 

0160-2055 
0160-2055 
01610-2055 
0160-2055 
0160-2055 

0160-2055 

036Q-012~ 
Ol6G-012~ 

1550\0-001 
75~o-OOl 

U5~OOl1 

C84125 
C84715 
C84125 
C84725 

SN7ltLSOlN 
SN7ltLS1l3N 
SN74t.SZ93N 
SN14LS08N 
SN14lS113N 

SN1ltLSZON 
O.S16ON 
SN1ltL S1 !iN 
SN1~LS1SN 
TMS3120NC 

IMS3120NC 
SN7~S2V8N 
SN16LS151N 
SN7~S7o\N 
SN74LSlON 

SN1,"-S11SN 
SN14161N 
SN74161N 
18Z0-181S 
1820-1818 

TMS3120NC 
TMS3120H& 
SN7~SOON 
SN1~S138N 
SNl.1~1N 

SN1ltLSl15N 
OM091N 
DM8091N 
OM8091N 
SN1+lSZ9SN 

SN1+lSOlN 
SN1~Sl~ 
SNnLSOSN 
SN74LSOON 
SNULS02N 

SN7ltLSOON 
SN14393N 
SN14SOIN 
SN14t.S1l2N 
SN1~S1~ 

SN1ltLS112N 
SNnLS11N 
SN1~Sl13N 
SNUL.SOaN 
SN7~Sl13N 


