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TERHS OF SALE 

Boards are sold on an "as is" basis with no expressed or 
implied v;arranty of any kind. 

RETURN PTIIVILEGE 

This board and the docurnemtation for it are designed for the 
advanced computer kit builder, If you should decide that it is 
beyond your sJdll level to assemble and checkout this board, 
you may return it within 15 days after it is received. Full 
purchase price less han:lling charge will be refunded to you. 
All parts were tested before shipping and found to be 
operational in a correctly assembled board. If you feel that a 
part is bad or you have problems making the board run, you may 
call (at your expense) for assistance. 

There are no warranties of fitness or rnerchantibility, either 
expressed or inplied. In no case are we liable for more than 
the purchase price of the board. 

This documentation is new and could contain errors, If you do 
find any errors or ommissions of helpful information, please 
forward them to us. Your board has a registered serial number 
and any updates will be forwarded to you should any occur. 

U1PORT1 ... ~T NOTICE 

ANY PXTURN ITE!,1S HtTST BE AUTHORIZED BY BOAZ Co. OP. THEY 1·iiLL 
NOT BE ACCEPTED. PI,EASE CALL BEFORS YOU P~TUP!.·l A"-lY ITEr·~ .• 

BOli.Z Co. 
POB 18081 
San Jose, CA. 95158 
(408)269-9522 

@ Copyright 1980 BOAZ co. - All rights reserved. 
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CHARACTI:RISTIC 

Hemory type * 
I:lemory organization 

!·lemory selectabil ity 

System clock speed 

Refresh type 

Refresh rate 

Power requirements * 

Bus compatibility 

Input zignals 

Data Bus 

P.C. Board 

Hidth & height 
Thickness 

D64KB 

SPECIFICATIO~'l' 

Nl-!OS Dynamic 4116 ( 2 0 On s) H.Ar-1 

64K X 8 bits 

Lower 32K is always solectcd 
Opper 32K is selected by 4K blocks 

(except $FOOO-$FFFF) 
Upper and lO'I,ver 32K blocks 

are interchangable 

1 r.mz (range of 898.5KHz to H::1z) 

Transparent - during ¢1 

66. 67KHz (:C/15) 
l 

+SV - SOOrnF. (typical average) 
+12V - 150~~ (typical average) 
-sv - 7~A (typical average) 

SSSO or GSSCC 
(boards prior to Rev. 1 or 
have not been modified do not 
support extended addressing) 

TTL voltage compatible 

Three-state TTL voltage compatible 

Double sided plated-through holes 
Silkscreen on component side 
Clear solder mask on wir:e side 

~ inches X 5.8 inches 
0.062 inches 

Operating Temperature * 0 to 70 C 

*Depends on component selection. 
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ASSI:liDLY IHSTRUCTIONS 

This memory board was designed for certain components which 
will be used as a basis for these assembly instructions. 
HowGvor, the use of equivalent devices is not discouraged, even 
if they are a different physical size. 

The follo"1ing are general reconur.enda tions "Vihich may make the 
assembly of this board easier. 

A. Read the complete manual before assembly. 
B. Use sockets for all IC (Uxx) locations. 
C. Use a low wattage soldering iron. 
D. Solder only on the bottom side of the boar1, 

except in the special case of CRl. 
:S. Become a\llare of all assembly operations an1 

component type/placement before you begin. 
F. Obtain all . parts ::1eeclen before you begin to 

assemble the boare. 
G. Check both sides of the board for manufacturing 

problems - incomplete etching and trace bridges 
or breaks (the board manufacturer is goor1 !:mt still 
onl~r human) • 

H. Test all capacitors for shorts \!lith an ohmmeter 
before you install them. 

I. Use component carriers for mounting jumpers and 
resistors in the Uxx locations. 

Tools required for assembly. 

1. Long nose pliers 
2. Diagonal cutters 
3. Soldering iron 
4. Rosin-core solder 

The pliers and cutters should be small for fine work. The 
soldering iron should have a fine tip (grounded if you are not 
using sockets for the memory IC's) and use a fine solder (such 
as Kester .031 diameter 60/40 rosin-core). Correct soldering 
tec!-migues t'lill rcsul t in an operating memory board, \'lhereas, 
poor workmanship results in a mess '>vhich ma.y never work 
correctly. 
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1. I!1STALL J'.,.LL r,:::SISTORS 

P.l 
R? 
R3 

lKohm,l/4 uatt 
lKohm, 1/4 ,.,at t 
330 ohm,l/4 watt 

D64KB 

(BRO\'r1-I3LACI<-RED) 
( BRm'IN -BLACK-nED) 
( 0 RANGE-OP-A1\l C.::-B ~m'T~!) 

An extra row of pads is available at U64 and U65 to mount 
resistors Rll-R23 (10 ohms) and R24 (100 ohms) directly to the 
board. If you are not using sockets/component carriers for 
mounting the resistors and jumpers, you should install them at 
this point. See Figure Ail for the details on mounting the 
resistors/jumpers. The jumper assignments are given in Tables 1 
alld 2. 

u 62 U63 U64 U65 U69 

( 
0 8 0 0 " 
0 9 0 0 2 

0 A 0 0 4 0 

B 0 0 8 0 

0 c 0 

0 D 0 

E e 

Figure Ail. Resistor/jumper mounting on Component Carriers. 

U62 JUHPER SELECTS U69 Jm,TI?ER Br.ocr< 
1 - 14 $8000-$8FFF 8 4 2 1 NUimER 
2 - 13 $9000-$9FFF y y y y 0 
3 - 12 $AOOO-$AFFF y y y N 1 
4 - 11 $BOOO-$BPFF y y N y 2 
!) - 10 $COOO-$CFFF y y N ·n 3 
6 - 9 $DO 0 O-$DFFF y N y y 4 
7 - 8 $EOOO-$EFFF y N y N 5 

y N H y 6 
TABLE 1. UPPER 32K SELECT y N N N 7 

1\l 
" 

y y y 8 
N y y N 9 

U69 JUHPER N y n y p, 

1 - 16 = 1 INSTAIJL N y N N B 
2 - 15 = 2 JUHPER N N y y c 
3 - 14 - 4 y = YES u N y N D 
4 - 13 = 8 N = :10 N N N y '!:' 

""' 
N N N N F 

TABL:S 2. EXT:8NDED ADDPESSING 
BOARD SEL~CT 
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2. ASSEtl3LE THE RESISTOP/JU!1PER Cm-1PO!-TE'HT CARRIERS 

IC locations U63, U64, UG5 and part of U69 are for resistor 
pack component carriers (CC) • These CC' s are plastic and \·7ill 
melt if the pins get too hot. Figure Ail and Tables 1 an1 2 
show the mounting for these CC's. 

U63 7 lOK ohm resistors {R4-Rl0) (BROviN-B!.,f..CK-OPR!~) 
U64 7 10 ohm resistors (Rll-Rl7) ( BROV~ -DLAC1:- B!.,!-.C~\) 
UG5 G 10 ohm resistor {1U8-R23) (BIZO'Vnl-BLACi.C-BLl,C;<: ) 

1 100 ohm resistor (R24) (BROHN -BLl\.CK-BROh'H) 
U69 * 4 lOK ohm resistors (R25-R28) (BROWN-BL1'.CK-ORA:lGE) 

IC locations U62 and part of U69* are for jumper selection of 
memory block and extended addressing, respectively. If you 
plan on changing these often, you may install dip switches. 
Otherwise, a ".dre jumper will work fine. Do not install the 
CC's into the memory board at this point. 

* Install TJ59 and, U69 for extended addressing ONLY!!!! 

3. INSTALL ALL IC SOCKETS * 
Do not bend any socket leads - this could cause short circuits. 
Insert all sockets into the board, place a stiff material {clip 
board, book, etc.) on top of the sockets, then turn over (while 
holding the sockets in place with the material) and solder two 
corner pins of each socket. Next solder all pins of all 
sockets. Be carefull when soldering IC pins whic~ also connect 
to bypass capacitor leads {there are several in the memory 
array) • Too much solder may fill the hole for the capacitor 
lead (::r·ou might wait to solder these until you have installed 
the caps) • 

4. INSTALL THE FOUR VOLTAGE REGULATORS 

Refer to Figure AI2 and ~~e parts list to be sure you have the 
rig!1t regulator in the right location. Figure .l-"I2 is on page a. 

5 • IHST ALL THE CONNECTORS 

Insert each of the 5 connectors from the top side of the board. 
Be sure that each connector seats firmly against the board with 
no alignment problems. The connectors should be aligned such 
that no looseness, valley-peak or gap between connectors 
exists. 

6. INSTALL ALL CAPACITORS 

~OTE: There are several different valus caps and 
several different voltage ratings fo~ the 
tantalums (along with the polarity) • 

BE CARZFULL 1 111111 

5 



D64KB 

:loom has been provided a t the upper edge of the board to lay 
the caps dovm on the board. This ~;.;ill protect them from 
movement and the resulting broken leads . All the other caps 
are to be li.1ounted perpendicular to the board. Cl7 through C32 
and C35 through C48 may require lead bending (depending·on the 
type you use) for proper fit. If so, form the leads before 

. inserting the caps into the board, other\vise, you may destroy 
the caps. Polarity for the tantalums .is indicated on the 
silkscreen component layout. Follow the layout when inserting 
the tantalum caps. 

7. INSTALL CRl 

Be sure the cathode is at the line end as marked on tile board. 
The leads on CRl must be soldered on both the top and bottom 
sides of the PC board. 

8. INSTALL Kl 

Isolated jumper posts for selecting AlS or l~olS must be 
installed. Connecting pin 1 to pin 2 selects the normal (AlS} 
configuration for the memory array, pin 3 to pin 4 causes the 
32K shift. One configuration must be selected for the board to 
operate. 

NOr.l'E: IF YOU ARE NOT USING EXTB~TDED ADDR'SSSING YOU 
SHOULD INS'.:::' ALL A JUHPER FROH U58-4 TO USS -15. 
This supplies a pull-up for the open input at 
U58-4. 
IF YOU LATER DECIDE TO USE :SXTEHDBD ADDP-ESSI!1G 
THIS JUHPER NUST BE REMOVED! 1 11 111 ! 111 ! 1 ! ! 11 ! 1 

9. HORK!1A.~SHIP CHECK! 1!!! 1 

Your memory board is assernbled - except for inserting the IC' s 1 
Now is the time to g·o back over all your \vork to insure no 
errors have been made. 

A. Are all the components in the right place? 
B. Are all the caps installed 'ltlith the correct 

polarity and the correct voltage rating? 
c. Is CRl installed correctly? 
D. Are the voltage regulators in the right locations? 
E. Check TIACH solder connection - do they all have a 

bright and shiny apperance? Are any traces shorted 
together due to your soldering? 
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10. PO'iJLR TEST 

Hith all power off, remove all 50 pin boards fron the 
motherLoard. Insert the memory board. Turn on the power and 
measure the output voltage of each regulator. If you have an 
abnormal voltage, you should again check your wor~( for errors. 
~emove the memory board from the conputer. Do not proceed any 
further in the assembly until all voltages are correct. After 
any errors are corrected, plug the memory board back into the 
computer and check the voltages. 'Hhen each voltage is correct, 
check each voltage pin on a memory IC location to insure that 
the memory array has the correct voltages connected to it. If 
all is correct continue in the assembly, if not you must 
resolve the problem before you can insert any more components! 

11. INSTALL IC 'S USO THROUGH U69* 

All of these are TTL IC's, component carriers or delay lines 
and are powered from voltage regulator, VR+SL• Insert the 
memory board, along with the CPU board, into the computer 
motherboard and turn on the power. Check pins 8 through 14 on 
U64 and 8 through 11 and 1 on U65 (resistor packs) • There 
should be pulse activity on each of these pins. If there is 
not, you have an error in the assembly or a device i.vhich is not 
operating correctly. The error or failure must be found before 
you can proceed any further. Repeat this process until the 
signals are there. 

*Install U59 and UG9 for extended addressing only!!!! 

12. IUSTALL THE MEHORY IC 'S 

~oad ~~e board with at least one set of 8 memory IC's. ~hese 
should cover the area required by your monitor progarm. 
Reinsert the ~nemory board in to the computer 1.vi th the CPU board 
and power on the computer. If you get no response, polfrer down 
and recheck your work (the only fault should lie in workmanship 
or address jumpers). See Table 1, on page 4, to verify your 
ju:oper selections. The next section in this manual is on 
system configuration, read through it and check your selections 
vlith it also. Once the computer responds correctly you may 
install the remaining memory IC's and begin testing for 
complete operation with memory test programs. 

13. CONGRATULATIONS!!! 11! 111111! 1 
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-
Hea t Sink 

{\ j VR + SL r-- n ', 
: : 
: ; 

~ 
'-

r-:__.__~ir_...Gap_VR _+ 12-11 
(( 

A. G 1r ap 

VR - 5 VR + 5 

--_;,;~ 

I 

Figure AI2. Voltage regulator assembly. 
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SE'l' UP PROCEDUP..I: 

There are several operational mode selections which must 
be made before the D64KB is used. The memory areas reserved by 
your operating system can not be enabled on the memory board. 
Also, only the memory actually installed and being used should 
be selected by the on board jumpers. There are three sets of 
jumper selection areas on the D64KB. The first is for the 
memory within a 64I< Byte board, the second is for t..'"le extended 
addressing mode and the last is the logical 32K shift at Kl. 

BOARD HE!HORY SELECTIONS 

The memory on the baord is selected at jumper (or switch, 
if used) location U62. The following table sho"YlS the 
selections: 

U62 STA!lDARD ASSIGN,r,'!!::UTS 
JUHI?ERS SELECTS 6800 6809 

1 - 14 $3000-$8FPF I/O* USER 
2 - 13 $9000-$9FFF I/O* USER 
3 - 12 $AOOO-$AFFF DOS USER 
4 - 11 $BOOO-$BFFF DOS USER 
5 10 $COCO-$CFFF USER DOS 
G - 9 $DOOO-$DFFF USER DOS 
7 - 8 $BOOO-$EFFF MON* I/O* 

A salection is made by connecting the pins of U62 as shown 
in the table . Lets take an ehample: 

You have 43K of memory on the board in a 6800 
systarn and you want to select ohly the lov1er 32K and 
the memory required by the disk operating system. 

U62 jumpers · 3 - 12 
4 - ll 

$AOOO-$AFFF 
$BOOO-$BFFF 

This gives you memory from $0000 to $7PFF and from 
$AOOO to $BFFF. The memory in the s ·tandard I/O area 
($8000-$9FFF) and monitor area ($EOOO-$FFFF) is not 
selected. 

* SELECTING ANY OF THESE NILL Cll.USE A CO~TFLICT ON THE 
DATA BUS AND YOUR SYSTEM WILL NOT OP:SRATE! 
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:C:XT::liDBD ADDRESSING (applies only to Rev. 1 or :1oc1. boards) 

Uxtended addressing uses four more address lines than the 
normal 16 of the 6800 or GB09. The primary use of these lines 
is to select one memory board of several. The four jumper 
selections on U69 sets up a comparison for these lines and it 
is a simple four bit binary code.. Haking a connection between 
the listed pins on U69 gives a zero value code and no 
connection gives a one value code. 

U69 JUI..WER CODES JUJI!PER INSTALLED 
1 - 16 = 1 y = YES 
2 - 15 = 2 N = NO 
3 - 14 = 4 
4 - 13 = 8 

U69 
JUHPERS CAP.D 
B 4 2 1 NU.HBER 
y y y y 0 
y y y N 1 
y y N y 2 
y y N N 3 
y N y y 4 
y !·1 y N 5 
y N N y 6 
y ~ n N 7 
N y y y 8 
N y y N 9 
N y N y A 
N y N N B 
H N y y c 
H N y N D 
N N N y E 
N N N N F 

To set a memory card to a desired extended memory area you 
should install the jumpers as needed. To set a card for memory 
area $40000-$4FFFF you would install the follo\'Jing jumpers: 1, 
2 and 8 or U69 pins 1 - 16, 2 - 15 and 4 - 13. 

APPLIES TO ALL BOARDS 

IF YOU AP.E NOT USING EXTZNDI!:D ADDP.ESSING YOU !ITJST 

1) ,. RE.t-10VE COHPONENTS AT U59 AND U69 
2) • CONNECT A JU.HPER BETWEEN USB l'IU 4 A.."!D USB PIN 15 

TO LATER USE EXTENDED ADDRESSING 

1) • REHOVE TI-m JUHPER (FROH 2 ABOVE) 
2) • IUSTP.:::.L THE COHPONENTS I~ U59 A!lD U69 

10 
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32K SELECTI0~1 JUHPER 

The jumper at Kl should normally connect !<1 pin 1 to rn 
pin 2 . This routes AlS to USS and the Row Address Strobe (P~S} 
lines to the m~nory chips are ordered (1-2-3-4) • By movinq the 
jumper from l 2 to 3 - 4 on Kl the order of the RAS lines 
shifts around by two (3-4-1-2). What has happened is t.,at AlS 
is now routed to U55 and it "thinks" that you are addressing 
the other half of the 64K memory board. 

The Component Placement diagram shows a double address for 
each set of eight memory chips, ie, UlO to Ul7 is $0000/$8000. 
The first address is for Kl jumper at 1 - 2 and the second is 
for Kl jumper at 3 - 4. 

Note also that the memory chips are numbered for the 
normal configuration of Kl. UlO to Ul7 are controlled by RASl 
and are data bits 0 to 7, respectively. This arrangement is 
neat if you have memory problems in the arP.a of your monitor or 
operating system scratch R.Al-~, just move the jumper to the other 
setting and then test the area of memory that you think is the 
problem. 

Use the above information in configurating your system. 
It should be very straightforward in most cases. 
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THEORY OF OPI::Rl>.TI0:1 

The memory board is most easily understood by lookin<J at 
it as several blocks which perform certain logical functions. 
There is, of course, the memory array itself, Ylhich is all 
important but a slave to the other logic on the board. It is 
simply assumed to operate as required. The next smaller logic 
block is the memory management section. Included in this 
section is the address multiplexing and all memory timing 
control elements. Add to these the decoding and buffering 
logic and you have it all. Now we will look at each section in 
detail~ 

BUS BUFFERS 

Bus buffers are used to isolate the memory board from the 
computer motherboard bus and to provide some protection for the 
components on the board. USO and U60 isolate the computer data 
bus from the memory board and are controlled by the decode 
logica This control ensures that memory data is never applied 
to the motherboard bus except v1hen t..he CPU executes a read fror<l 
the memory board. The address decode, E, VMA and R/~·1 all get 
combined in the single line \vhich controls the c.1ata bus 
buffers. These buffers are BT26 inverting transceivers, but 
could as well have been 8T28 non-inverting buffers since the 
memory does not care if the data is inverted or not. 

The address lines which drive more than one load or must 
be inverted are buffered by USl. Again a 8T2 6 vrorJ:s out \vell 
for both these requirements. The extended address lines are 
applied to U59, a comparator {74LS85), which acts as a one TTL 
load buffer and bank address select comparator. The bank 
address is set by the jumper connections on U69. 16 banks, hex 
0 to F, may be selected8 If extended addressing IS NOT used 
for bank selection of boards, the components should not be put 
in either U59 or U69. In such case it would be advisable to 
jumper U58 pin 4 to U58 pin 15, which is connected to a pull-up 
resistor. 

The three control lines, :c, 'ilHA and R/W are buffered by 
USB and inverted as required. 

ADDRESS DECODE LOGIC 

A five chip address decode is used to enable b~e memory 
controller and data bus buffers. U52, U53, U61, U62 and U63 
are -used to select the lower 32K {$0000-$7FFF) and any or all 
4K blocks in the upper 32I<, except the top 4K ($FOOO-$FFFF). 
The $ sign notation indicates that the number is in 
hexadecimal. These 4R block selections are made by jumpers (or 
switches) on U62, which connect the outputs of the decoder, 
U61, to U52, an 8 input NAND gate. The lOK ohm resistor pack 
at U63 provides the pull-ups for the unused inputs of U52. The 
output of U52 goes high when any of it's inputs goes low. 
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This signal gets combined with V!1A in U53A and causes the 
~emory controller to be selected for all valid addresses in the 
lower 32K. and the jumper selected 4K blocks of the upper 32K. 
This select signal gets combined '"i th R/W via U53n, c and D and 
becomes the data direction control for the data buffers. 

To allow complete testing of the memory board (since this 
may be the only memory board in a system) Kl can be used to 
exchange the logical address of the upper and lower 32K memory 
blocks. \'lhon 1'\.15 is input to the AlS pin of the memory 
controller (USS) the Row ~ddress Strobe signals are ordered, 
but when AlS is used for this input a 32K logical slip occures. 
He nov; have addresses $0000-$7FFF slipped up to $8000-$FFFF 
and, of course, $BOOO-$FFFF logically slipped dov.m to 
$0000-$7FFF. Table 1 shows this logical memory shift. 

!·lEHORY HANAGEKBNT 

The memory management logic group consists of U54-U57 and 
U66-U68. All timing and conrtol signals required for refresh 
and processor accesses to the memory are handled by t~ese 
elemen·ts. The refresh clock is derived by dividing the ll-!!lz 
system ~ clock by 15. A refresh access occurs once every 15 
cycles or at a rate of 66 . 7KHz. The minimum specified rate is 
64KHz. Operating above the m~nunum specified rate is 
acceptable, but higher rates increase the memory power 
dissipation. Therefore, it is best to operate the refresh 
function as close to 64Imz as possible. 

The refresh clock drives the seven bit refresh counter in 
the Address Hultiplexer IC (U54 pin 1) and is the refresh 
signal to the Hemory Contorller IC (U55 pin 21) • :each negative 
edga increments the counter and each positive edge initiates a 
refresh access. The additional timing signals for memory 
control are generated by U56, U57, U66 and U67. These signals 
are applied to the memory controller IC as inputs tl, t2, t3, 
t4 and t5. All memory timing signals are based on these five 
lines. A step-by-step walkthrough of all the events in both a 
refresh and normal CPU memory access is the best way to 
understand it all, and that is next. 

!'J:!:ADI~lG, WRITING AND m::FPJ:::SHING 

The memory timing diagram, Figure ':'Dl, shm-;s how and ~·rhy 
the events occur for a write, refresh and read. access. The 
sequence in vlhich they are shown relates only to how such 
operations function and do not imply a certain instruction 
execution sequence* In relation to the system clock, E, a 
refresh always begins and finishes within an E time and a CPU 
access always begins and finishes within an !: time. Follm.; 
both the logic diagram and the timing diagram closely v;hile 
studying this section. 

The non-expanded portion of the timing diagram shm.rs the 
relationship of the refresh signals to the system clock, E. 
The expanded portion shows the memory management/interface 
signals in relation to E. The illustrated sequence is a CPU 
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or,..;rite access, a refresh access, a CPU read access and an idle 
time. Each of these occupy one-half cycle of E, \vi th the CP'l' 
accesses during E and the refres~/idle accesses during s. 

Hany times the memory must respond to a double access 
during one system clock time ~ This timing requires that the 
memory IC's have a cycle time (NOT ACCESS TIHS) less than 1/2 
the system clock period~ a 4116 with an access time of 150ns 
has a cycle time of 375ns and one with a 300ns access time 
requires G60ns per cycle. The former rna~{ be used in 
transparent refresh at H1Hz, but the latter has too long a 
cycle time. Hemory IC's with 200ns access time is recommended 
for use in this design. Hith a system clock speed of lBIIz, the 
memory cycle time must be less than 500ns. 

In the non-expanded portion, the refresh clock (RC) is 
1/lSth the rate of E (66.7KHz.) because of the divide by 15 in 
U68. The Refresh Grant (RG) signal is E (inverted by USS). 
The rising edge of the RC causes the Refresh Request (RR) 
output line of U55 to go low and it is set again by signal tl 
into U55. Every negative edge of RC causes the 7-bit refresh 
counter in U54 to increment. Note that during the time RR is 
low the RG signal goes positive, this is important and not 
shoor,vn . in the expanded portion of the timing diagram. 

WRITING 

'l'he expanded portion picks up at the point one-half clock ( 
(E) period before a refresh access taJ~s place and continues 
one full cycle after it. Certain events must occur in precise 
timing relationships , follow the timing diagra~ v~ry carefully. 

The positive edge of E clocks the low (grounded) level 
through U56B f orcing U57-3 to go high. This starts a positive 
transition dovm the delay line at U67-2. lOOns later this 
positive ec1ge i~pplied to U55-tl input, which causes the Row 
Address Strobe (RAS) line (decoded from Al4 and AlS inPuts to 
U55) t.o go lmv. Using the control lines Rmv/Column Select 
(P~C) and Refresh Address Enable (RA) , U55 determines the 
address type (Rottl1 Column or Refresh)' to output to the memory 
IC 's. 1<.2\ is overriding and any time it is high it forces the 
refresh address to be output. When RA is low a rov.; or column 
address is output~ A row address is output when R/C is high 
and a column address is output \Y'hen it is low. R/C is now high 
and ~~e row address is output. The row address (AO-AG) of the 
memory location is latched into the memory IC's. 25ns later 
the positive edge sets U56B via U57-ll and also is applied to 
U55-t4 input. t4 enables the memory write (I~) output of U55 
to go low for a \·;rite data into memor~l if the system R/W line 
is low~ The t4 signal may occur any tine after tl is 
activated. If T•1 always preceeds t3, a special mode calle<l 
"·,.;rite early" may be ulitized with the memory IC's. The \·lrite 
early mode allows the data in and data out pins of the memory 
IC 's to be connected together. He now have the nE line lmv 
since rvw is lov;. 

As a result of U56B being set, the input to the delay line 
goes low and a true positive pulse is nov.; moving down the delay 
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line with a width of 125ns. Another 7 Sns later t.l-J.e r~s~ng edge 
of the delay line pulse is applied to t2, \llhich causes R/C to 
go low. The column address (A7-Al3) is now output from U54. 
SOns later the pulse is applied to t3, which causes the CAS 
line to go low, latching the column address of the memory 
location into the memory IC's. 

Also, since the write early mode is used, the data to be 
\vritten into the memory is latched in by the CAS signal. 1·1e 
now have the 14 address lines and the data latched into the 
memory IC's. All that remains is for the access to be 
terminated by the pulse applied to tS of the memory controller 
to return all signals to their idle state. RAS, CAS, ~·m and 
R/C all return high terminating the CPU \·Trite access. That is 
how the writing is done. 

REFRESHUlG 

The next half-cycle (E time) is a refresh access. A 
positive transition of the refresh clock initiates a refresh 
access to the memory board.. ~'lhen this occurs the refresh 
request output of USS immediately goes low, which enables the 
internal circuitry of the memory controller to allm-1 a memory 
refresh by the refresh grant activation. This causes several 
reactions. The R/C line is forced lo\11 but is overriden by t.l-J.e 
RA line which goes high. This ensures that a refresh address 
\vill be output from _i:.he address multiplexer to the memory 
array. Also, the RR low level is clocked through U56A by RG. 
This low level is inverted by U57A and starts a positive 
transition do\·m the delay line. From here on it is similar to 
a CPU access, but several important differences exist. 

Timing signal tl causes RR to return high anJ ALL FOUR RAS 
outputs of USS to go lovr. This latches the refresh address 
into the memory IC's {all 32) ~ This is all that is required 
for refreshing the total memory array. 25ns later the 
positive transition causes USGA to be set and t4 input to 
enable the memory controller for a write (this always occurs 
for the \vrite earl~• mode). The big difference in the refresh 
access is that the timing signals t2, t3 and t4 result in NO 
action by the memory controller (USS) '" The refresh is 
accomplished by the 4 ~ lines only, so there is no need for 
any other signals to the memory array. The refresh access must 
be terminated and again tS takes care of this. All four RAS 
lines return high as does Row/Column Select \vhile Refresh 
Atldress Enable is taken lO'Vl. 

READING 

A read access by the CPU is accomplished exDctly the same 
as a \'lrite access except that the system R/W line is high and, 
therefore, the memory Vir! output of USS does not go loH. 
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I·liSCI:LLl\.NY 

Questions ah;ays arise about the reason for the resistors 
between the output of the memory management IC's (U54 and USS) 
and the memory array. The resistors form a type of line 
termination called series damping. They reduce the over/under 
shoot (ringing) by matching the impedance of the TTL drivers to 
that of the HOG memory IC's,. This technique is very effective. 
Also, this type of line termination does not increase t~e power 
dissipation as do other types, 

The 4116 memory IC uses -sv as a substrate bias voltage. 
This voltage must be more negative than any other voltage 
applied to the memory IC. CRl is a Schottky rectifier diode 
\vhich has a switching time of lOns and can handle current up to 
lA. This is not for prolonged protection but the momentary 
kind of odd-ball happenings, like "lllhen checking points on t~e 
board t-lith a scope probe, and you short a line to Vbb (-SV) • 

If you are not using extended addressing two things must 
be done.. First, do not istall U59 and U69. Secondly, you must 
jumper U58-4 to U58-15 (provides a pull-up resistor for the 
open input). However, if you later use extended addressing, 
you must reomve this jumper. 

!vlE!10RY TESTIHG 

A disadvantage to a single PAH board for all the memory in 
a system is that it is impossible to do anything if you have a 
memory failure in the monitor scratch storage area, An easy 
way around this is to logically shift the memory so that 81e 
upper 3 2K becomes the lo\ver 3 2K and the lmver 3 21\ shifts up to 
the upper 32K. Jumper Kl allows the use of address bit Al5 or 
AlS to be applied to the memory controller IC (USS) • This 
makes the logical shift of 321< by re-defining the RAS outputs. 
No\·l you can test any part of tho memory board by this logical 
shift. Table 1 .. , shows how this logical slip takes place. The 
system does not realize ti1at a change has taken place since 
only ·Che line to the memory controller has been changed. 

AlS 2'.14 :RAS AlS Al4 RAS 
0 0 1 1 0 3 
0 1 2 1 1 4 
1 0 3 0 0 l 
1 1 4 0 1 2 

Table 1. Inverting Al5 shifts 
the memory blocks and 
changes the ordor of 
the RAS outputs. 
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!,:IH•lORY OrtGANIZATION 

The memory rc•s are organized into an array of four rows 
of eight columns. Each row is a 16K block of memory and. each 
column is one data bit. The memory IC's are numberej by row 
(tens digit) and column (units digit); Ul0-Ul7, U20-U27 1 
U30-U37 and U40-U47. The tens digit represents a specific 16K 
block of memory vlhile the units digit represents a data bit. 
Row 1 is block. $0000-$3FFF, Row 2 is $4000-$7FFF 1 Rmv 3 is 
$8000-$BFFF and Row 4 is $COOO-$FFFF. Therefore, UlO is data 
bit 0 in the memory block $0000-$3FFF, U35 is bit 5, 
$8000-$DFFF and U47 is bit 7 1 $COOO-$FFFF. f-ASl selects Row 1 
and is connected to only Row 1 IC 1 s 1 RAS 2 to Rovr 2 1 'PJ\53 to Row 
3 and ~ to Row 4. However, the seven address lines 
(HM-H .. ~), CAS and HE connect to the appropreate pins of all 32 
memory IC's. 

Due to the exclusive use of the write early mode (WE 
asserted prior to CAS) the data in and data out pins of each 
memory IC are connected together .. 

The power connections to the memory array requires special 
attention. To those who do not believe in the value of 
decoupling capacitors - BEWl.:rm 1! 1 Almost all the circuit:::y in 
the memory IC' s is dynamic and takes greater power \vhen an 
address edge occurs. These edges are very fast causing peak 
currents 10 times the normal level.. lUso, t,.;.e duration of this 
peak power is very short. It is the capacitors which supply 
this instantaneous po'W'rer. The decoupling capacitors controls 
the current transients and prevents voltage spikes which could 
cause loss of data and soft errors. The larger capacitors in 
the memory array provide energy storage to prevent power supply 
droop. 
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-ITEl' i QUAN HEFEimCJCE DESIG::-JATION PART NU!>iBER; VALUE DESCRIPTION 

1 1 D64I<I3 Printed Circuit Board 
2 32 Ul0-U17, U20-U27 fv!C4116C20 16Kx1 Dynamic Memory rc 

U30-U37 U40-U47 
3 4 U50,U51, U58 U60 r-IC8T26P TTL Quad Bus Transceiver 
4 1 U52 74LS30 TTL 8-innut NAND Gate 
5 2 U53,U57 74LS00 TTL Quad 2-input tlP..>JD Gate 
6 1 U54 1·1C3242AP TTl r1em. Addr. 1·1ultiolexer/Eef. Cntr. 
7 1 U55 MC3480P TTL Dvnamic ~-1emor-y Controller 
8 1 U56 74LS74 TTL D-type Flip-Floo 
9 1 U59 74LS85 TTL 4-bit t--lacmitude Comoarator 

10 1 U61 74LS138 TTL 3-to-8 Decoder 
11 2 U66,U67 DL1601 Delay Line, 250ns 
12 1 U68 74LS193 TTL 4-bit Svnc. C'_p_LDown Cntr. 
13 1 VR+SL f\1C7805CT Voltaqe Requlator, +SV @1.5A. 
14 1 VR+S t-·1C78L05CG Voltaoe Reoulator, +SV @.1A. 
15 1 VR+l2 NC7812CT Voltaqe Requlatorl +12V @1.5A. 
16 1 VR-5 MC79LOSCG Voltaqe Recfulator -5V :g.1A. 
17 1 ClU 1N5817 /HI3R120P Diode~ Schottky Rectifier 
18 7 Cl,Cl6,C33,C34 33uF Capacitor, Tantalum, Dipped, 16WV 

C49 CSO C62 
19 52 C2-Cl5,C17-C32 O.luF Capacitor, Disk (bypass) 161.\V 

C35-C48,C51-C58 
20 3 C59-C61 ' 2.2uF CaRacitor Tantalum,Pipoed, 25WV 
21 2 R1 R2 1K ohm Resistor, 1/4Natt 
22 1 R3 330 ohm Resistor 1/4Watt 
23 11 R4-Rl0~R25-R28 lOK ohm Resistor 1 1/4\·Iatt 
24 13 Rll-H2 3 10 ohm Resistor 1/4Watt 
25 1 R24 100 ohm Resistor I 1/4~vatt 
26 1 :ieat Sink H/Hareware 
27 4 Comoonent Carrier 14 pin 
28 1 Component Carrier 16 pin 
29 5 Connector r-:olex I Fe:nale 10 nin 
30 10 SocketL Solder 14 pin 
31 40 Socket c Solder, 16 pin 
32 1 Socket Solder 24 pin 
33 1 Socket, Solder, 28 pin 
34 2 KI Jumper nlock, 2 position 

- -· . . --- - -

BOAZ Co. 
PO B 18081. SAN JOSE. CA . 95158 

. PARts liST 

D64KB MEMORY BOARD 
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HINTS ON CONSTRUCTION A.~D BRING-UP 

1. Tantalum capacitors operate best at close to 
(above) their rated voltage, ie, on the +12V 
line a cap rated at 16V is better than one 
rated at 35V. 

2. The value for the tantalum caps Cl, Cl6, ~33, 
C34, C49, CSO and CG2 is a conservative value, 
however, do not go below 22uF @ 16V. 

3. When using an elecrolytic (not tantalum) cap 
you should use at least three times the value 
capacitance called for in a tantalum capacitor. 

4. A tantalum cap installed reversed will tend to 
cause problems in several \vays: 

(a) It may explode! 
(b) if rated at many times the applied voltage 

it may act as a capacitor for a long period 
of time. 

(c) It most likely will feel "Vlarm to hot. 
(d) It may pull down the voltage line it is on. 
(e) In any of these cases it will likely generate 

errors in the memory IC contents. 

5. One unconnected power supply pin on one IC can 
cause the entire board to appear bad. Be sure all 
pins are soldered and the solder joints are bright 
and shiny - a soldered connection with a dull 
appearence is almost always an indication of a 
"cold" or bad solder joint. 

6. An address is always being output to the memory 
array via U54 and U64. If no accesses are mane to 
the memory array RASl, RAS2, RAS3 and RAS4 -.;.;ill go 
active (low) every 15 clock (E) cycles. CAS and HE 
will renain high. 

7. The data buffer direction control is normally high, 
allowing data on to the memory board and goes low 
to allow a CPU read from the board. 

8. No jumpers on U62 allows only the lower 32K to be 
used ($0000-$7FFF) • Consider the following in 
making your selection of jumper connections: 

1-14 
2-13 
3-12 
4-11 
5-10 
6-9 
7-8 

= $8000-$8FFF - I/O area 
= $9000-$9FFF - I/O area 
= $AOOO-$AFFF - Nonitor scratch area and 
= $BOOO-$BFFF - Disk Operating System 
= $COOO-$CFFF - User 
= $DOOO-$DFFF - User 
= $EOOO-$EFFF - Monitor ROM 

- - -- -- -----
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INSTRUCTIONS TO HODIFY THE D64I<B TO REV. 1. 

The D64KB was designed for a 6800 SS-50 bus system 
and requires a modification for ss-soc operation. 
Enclosed are the instructions to modify your D64KB 
to Rev. 1. However, if you will NOT be using extened 
addressing, you should DO NOTHING! In all SS-50 bus 
systems using the 6800/01/09, the D64KB fills the need 
for the maximum read/write memory you can use. 

YOU HAY CREATE A PROBLEM BY ATTEHPTING A MODIFICATION 
YOU DO NOT NEED!!!!l!!!!!!l!l!!l 

Should it be required, do the follo~ving: 

1. Cut traces as shown in red on the printed wiring 
artwork sheet. 

There are 8 traces to cut! On the bottom side of 
the board the cuts should be exactly as shown. 
On the top side, if the sockets are not yet 
installed, cut the traces at the end points on the 
trace. If the sockets are already installed, make 
the cuts between the end points as shown. 

2. Add the following (all on the bottom side): 

a. U61-l to USl-5 
U54-26 (via feedthrough under U36) 

b. U61-2 to USl-14 
USS-18 (via cut traces under U62) 

c. U61-3 to USl-11 

d. U61-4 to U61-5 OR U61-8 (ground) 

e. U61-7 to U62-9 (new hole) 

f. USl-2 to U54-24 

g. U52-l to U62-8 (new hole) 
a lOK ohm, 1/4 watt resistor to +SV. 

3. Add R29 a lOK ohm 1/4 watt resistor bet~Teen +SV 
and U59-6 (new hole for R29 near U59) • 
Install on the top side of the board. 



Your D64KB now provides full extended addressing and 
selection of the 64K in blocks of 8K each. 

IF these modifications ARE installed, the seiection 
of memory within the 64K board at U62 will be as 
listed: 

U62 pins MEMORY 
jumpered SELECTED 

1 to 16 0000-lFFF 
2 to 15 2000-3FFF 
3 to 14 4000-5FFF 
4 to 13 6000-7FFF 
5 to 12 8000-9FFF 
6 to 11 AOOO-BFFF 
7 to 10 COOO-DFFF 
8 to 9 EOOO-FFFF 

( 
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BOAZ CO. 
BOX 18081 

SAN JOSE, CA. 95158 
(408) 269-9522 

MODIFICATION OF THE D64KB TO USE 65K BIT MEl10RY CHIPS 

The D64KB may be extended to use the new 65K by 1 bit 
dynamic memory chips very easily. While these chips are quite 
expensive currently, the price will soon be dropping to the 
point where you may want to have a 256K Byte memory board in 
place of the 65K Bytes on the D64KB. Of course extended 
addressing ~rusT be used to access more than one of the 65K Byte 
blocks on the board. This also requires the modification to 
Rev. 1 or a Rev. 1 level D64KB. 

The instructions below, along with the PC artwork, shows how to 
make the D64KB into a 256K Byte Dynamic Memory Board. 

DO NOT INSTALL THESE COMPONENTS (OR REl10VE THEM) : 

Capacitors: 2,4,6,8,10,12,14,16,17,19,21,23,25 
27,29,31,33,49,60,61,62 

Diode: CRl 

Voltage Regulators: VR+l2, VR-5, VR+5 

DO THE FOLLOWING: 

Modify (if needed) D64KB to Rev. 1 level. 

Jumper the output pin (0) of VR+5L to the output 
pin (0) of VR+l2 (which is not installed) • 

Cut these traces on the bottom side of the board: 

U59-l0 
U59-l 2 
U55-17 
U55-1B 



Add jumpers (see artwork and logic diagram) 

Pad (under U59 which was connected 
to U55-17 

Pad (under U59 which was connected 
to t155-l8 

054-3 to 001-1,2,13 (new chip) 

UOl-14 to a +5 volt trace 

001-7 to a Ground trace 

051-11 to U01-5 (Address bit 15) 

051-14 to 001-12 (Address bit 14) 

to 

to 

Make the connections as shown for U01 

001-8 to one end of a 10 ohm resistor 

059-10) 

059-12) 

Connect the other end of the 10 ohm resistor 
to 017-9 
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