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CIIAPTER I 

GEIIERAL I NFOIU·~\ T I ON . 

1.1 IIHROOU"TlO:1 

This manua l prov ides general informa tion, ins tallation instructions, prograr:Jr.1i li9 
conside rations, hard\'/are preparation. and thc>ury of operatio n for the 
11EX6816-IIU< (16K), r·~[x6832-I IiR (32K) , HEX6345-UIR (4 8K ), and I;EX6364- IHR (641: ) 
Hidden Refresh 1·lemo l·y !-Iodule. A typical c,odule is shOlm in Figure I-I. All 
address rrfercnces \'fithin this manual are shm·m in hcx:adecima l unless othCrlii sc 
i ndi ca ted. 

1. 2 FEATURES 

The fe atures of the Hi dden Refresil Memory 1·lodule include : 

16384 x 9 bits, 32768 x 9 bits, 49152 x 9 bits, or 655 36 x 9 bits 
of RAI1 organized in four independently addresse d ro,1S of 16K bytes 
each. 

Refresh during 01 of tile NPU cycle, e liminating the need to stop 
~1P U operation during refresh . 

Jumper selectable memory address enable. 

Series II DSB (Dynamic Syste>n Bus) provides Page Enable, Parity 
Error , and ~xtended memory control. 
Parity error circuitry '-lith jumper selectable connector outputs. 

TTL volta ge compatible high i mpedance inputs . 

1.3 SPECIFICATIONS 

The Hidden Refre sh Hemory Hodule specifications are identifi ed in Table 1-1. 

1.4 GENERAL INFORIIATION 

The Hidde n Re fre sh Ilemory Hodule is populated with 16K x I bit dynamic RAIl 
devices. The devices are connected in rOl'IS of nine devices ea ch . !\ 16K module 
has nine devices. a 32K modu l e has 18 devices . a 481( modu le has 27 devices. and 
a 64K module has 36 devi~es . Ea ch rO\'1 is addressed and refreshed indepelldcnlly . 

~Iemory refresh i s lccom;> li shed dul'ing pha se 1 of the IIPU clock. The I-IC6800 I,:?U 
i s designed to operate on a l\'lo-phase clock. Phase 1 is dedicated to internal 
MPU operations . Phase 2 is used to access external memo ry and I/O. This l~aves 
all external RAI·I idle during phase 1 of the 11PU cycle . The Hidden Refresh 
~lemory tlodule takes advantage of the idl e memory ti me to refresh the dynJmic 
memory . 

The module circuitry generates and detects cven parity. The modu l e outputs a 
PARIT Y LR ROR s;gnJl to the system vlhcnever a paritY_.f'!.'ror ;s_det.~~ted. The 
outpu t is jumper selectab l e to the systel:1 bus as PJ\RITY ERROR . m·lI. or a Cllstom 
in ter f,\cc throu£"h the Dynamic System Bus (P2) . 

In th L' uppe r lef t-hand 
(Dynami c Sys tern Bus) . 
connecLed Lo Lhe DSB . 

portio n of the modu le is a 20-p i n w; rc-\'Ira p header. P2 
~a ri ty e lTor, parity con~rol . and page clltlb l e li nes .ll'~ 

I - I 
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r _____ ---"T"A"'m.r: 1- 1. Hi dden P.0frcsh f· · C2I:~Jr'y I·:adu l f' Sp~c.i fi .~t i....Q"n,,-s ____ ., 

CHARACTER I S TI C SPEC I r i l,\ Tl Oi l --.- ---------
'''emory Type tI- chcl nncl !·10S Dynamic Rl\j" 

I,ternary Organization 64K x 9 bits organized in four 16K x 9 bit rm'/s 

Read Access Ti me 350 ns from memory cl ock 
Pari ty Even pari ty 

Hi dden Refresh ROI'/ refresh dur ing ~1 of each fiPU cyc le 

Input Signals 

ComlJiands 

Addres s 

Data Bus 

Opera ti 119 Tempe ra ture 

PO'.'/cr Requ; rements 

Di mens i ons 

Width and He i ght 

Board Thickness 

TTL voltage compat ibl e 

TTL vo l t age compatible 

Three-state TTL volta ge compatib l e 

0° to 10°C 

+5 Vdc - Peak = 1. 00 Amp Typ. 
Average = 980 rnA Typ . 

+12 Vdc - Peok = 160 mA Typ . 
Average = 130 rnA lyp . 

-12 Vdc - Pea k = 8 rnA Typ . 
Averaye = 4 rnA Typ . 

9.75 inches x 6.00 inches 
0.062 i nches 

1- ] 
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CIiAPTeR 2 

INSTALlATlOil 1II STI{UCT l n~IS , fll.RO~!!dlE PPlpriHI'TlON , 
/Ii ID lin E1~C.Q:;;; i:Cl 10; I CO:;j J DE Hfl T I 0;;5 

2. 1 INTllOUUC TlON 

Thi s ch?p t. pr provides the unp~cl: ing , insp0ction. ins ta ll ation, and prc;Jariit i oll 
for usc in ~t rllcti ons for tho:: Hi ddc-n Rcfrc~h ':e::"o ry l 'odule . 1\1so included 
in this <.hapter are the moduie interconnection siyna]s . . 

2. 2 UN PACKI NG INSTRUCTlOIIS 

NOTE 

IF 111E SH 1 PPliiG CARTON I S DI\I~ACED UPOI~ 
RECEIPT, REQUEST TH.~T THE CARR I Er~ ' S AGUIT 
BE PRESENT DURIIIG UIIPACKII1 S AIID INSPECTIOIl 
OF THE HODUlE. 

Unpack the Hidden Ref resh memory module from the shipping carton. Refer to 
the packing l ist (lnd verify that all of the items are present . Save the 
pack i ng material for storing and reshipping the module. 

2:3 INSPECTION 

The Hi dden Refresh fl,('lno ry f':odule should be inspected upon receipt for broken, 
damaged , or mi ssing parts, and physical dama ge to the printed circuit board. 

2.4 HARDt'fARE PREPARATION 

Prior to installing the modu l e in the system. the user must ensure that the 
module i s set up to pel'form the funct i ons required . Various user options 
are prov; ded on th e module through the use of jumpers and H; re-vlrap headers. 
Fi gure 2-1 shOvls the locations of the headers l<Jh;ch arc referred to in the 
following paragraphs. 

2.4. 1 flemo ,'Y Map Assignment 

The user has the option of three map modes to enable the address decoding. 

VUA - Valid User Address 
VXA - Valid Executive Add"ess 
PAGE ENABLE - For multiple "pages" of 64K bytes 

. A jumper at AOR ENA is prov; deli for the purpose , as i 11 us tra ted be 1 0\ .. : 

w 
co 
« 
0.. 

a, Q 0. ' 
I I ! I 

d-d-o 
v 

2-1 
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2'.4.2 Parily Option 

If t.lle user i s monitoring l1ilrity, he has the choice of three options for ./, 
connecting ·lhe p,H'ity ('HOI- delect s i gnal to the SystCiIl . lIi1'C-\·/rllp-'Y,l.d.:r 
1:2 is provided for this purpose . The header i s f acto ry ' .. tired , .. tith PIII!ITV 
'lHliolf conne<.led to PI, pl n 1-1 and to P2, pi n 17 (0; [1). 

Option 1 As factory ",il'ed , PAI!lTY ERROR outp ut on PI, pin \·1. 

Option 2 - To output P!IRITV [RROR on PI, pin [, mH. On back of module, 
cul track lJet\·/een header pins 3 and 4. On front of module. 
i nstall jumper betuccn header pins 2 and 4. In this con
figu ration, the parity error \·lill generate a non-maskable 
interrupt (1::·11) for one clock cycl e . 

Option 3 - As factory ,'lired , PARITY ERROR outpu t on P2, pin 17 (DSB ) . 
The usefulness of th i s configuration depends upon the 
user' s i mplementat ion of the Dynamic System Bus . 

\'I hen the Hidden Refresh !-Iodule is used in a system without a DEbug II module, 
the PARITY ERROR line must be he l d high by a user module or by a jumper 
bell-Ieen header K2 , pin 3 and 5 . 

lIeader K2 is ill us tra ted bel 01'" 

I, 
PI, PIN E (BUS NMI) 

P2, PIN 17 (DSB) 

2 4 6 

K2 ~-t: vt..{~·"~,,,(,\ 

1 3 5 

I l--'\f\!v- +5V 

PI, PIN W (BUS PARITY ERROR) 

2. 4. 3 Address Se lect Header 

Header Kl is a 16 pi n \-Ii re-I-/rap dev; ce prov; d; n9 the user w; th the capab; 1 i ty 
of se l ecting the 16K block (rm·1) addressing . The I-Jire -\'Irap jumpers may be 
installed to enable from one to four of the 16K bl ocks. Each of the blocks 
may be independently located at any 16K boundary in the 61l1( memo ry map. The 
se l ect ion of blncks is li mited by the numbe r of memo ry devices on the module . 
The 16K module has one 1'0\'/ of me~lory . the 32K module has tHO rO\'Is of rr.en~o l 'y. 
the 48K module has ,tlll"CC rm'/S of memo ry , and the 64K module has four rDl'/S of 
memory . Cap(llJility is also prov i ded to allow "mask ing off" the upper or 
Im,e,' half of ally 16K block . 

E. ch 16K bl ock is enabl ed by a row address select (RiiS) s i gna l driven from 
gate U45. Both inputs to the gate mus t be 1m" to enab le the block of r,;c!:Jory. 
l he bi~ input signals arc driven by the output s of the address decoder U59 
.(See schel", tic , Figure 3-3) . . 

Fi gure 2-2 
storage . 

shO\'/s t he Kl hCude r pi n conf i guration , memory devices . Jnd hi t 

2-3 
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PARITY 07 06 05 04 

I.-. RAS 1 
U45 U17 U15 U13 U11 U9 

3 

" RAS2 
U45 U18 U16 U14 U12 U10 
~ 

6 

" RAS3 
U45 8 U35 U33 U31 U29 U27 

" RAS4 
U45 ,/' 11 U36 U34 U32 U30 U28 

I 

FIGURE 2-2. Header K1, Memory and 8it Storag e. 

03 D2 D1 oa ~·: ~:·:c :n 

15K 
U7 U5 U3 U1 C090-3FFF 

US U6 U4 U2 32K 
';CCO-7FF, 

U25 U23 U21 U19 , SK 

SOOO-SFFF 

U26 U24 U22 U20 64K 
COOO-FFFF 
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2,4,3, 1 Ad(!~E..t.!.ln. Cons i dc.::J l; cns 

The II ser must i nsta ll jurrpc l's 011 Kl to add ress ' the II1cmo l'y blocks . Table 2- 1 
l ists the jur.,!.cr connections to Cllil.b l c memory, Refer to Fi gu l'c 2-2 in con
junction \:ith Table 2-1 . 

TABLE 2- 1. r·~emor.Y Enable JUI:lOcrS 

NODULE JUHPlRS 
l·iEI·iORY 5 I ZE FRO:·! TO I - n W;'\ 10 

16K Kl-9 Kl -2 Kl -2 K1-~ 

32K Kl-9 Kl -2 Kl- 2 Kl-4 
Kl- 11 Kl-6 Kl-6 K1 -S 

Kl-9 Kl-2 Kl-2 Kl -4 
48K K1- 11 Kl-6 Kl- 6 Kl -8 

Kl- 13 Kl-10 Kl-10 Kl-1 2 

Kl-9 Kl- 2 Kl-2 Kl-4 

64K Kl-11 Kl-6 Kl-6 Kl -8 
Kl-13 Kl - 1 0 Kl-10 Kl-1 2 , 

Kl-16 Kl- 15 Kl-14 Kl-1 4 I 

An entire 16K block (rOl',) of memo ry may be di sab l ed by tying the inputs 
of t he desired block enable gate to +5Vdc. A wi re->lrap pi n, l abe l ed +5V , 
i s l oca t ed to the right of Kl for this purpose . Table 2-2 1 i sts the jumper 
arrangement t o disable the upper blo 16K bl ocks of memory. 

TABLE 2-2 . Nemory Block Di sable . 
JUI·!PERS 

FRON TO FROI·! TO 

Kl -9 Kl-2 Kl-2 Kl -4 
Kl - 11 Kl- 6 Kl -6 Kl-8 
+5V K1-1 0 Kl- 10 Kl -1 2 
+5V Kl-1 4 Kl-1 4 Kl- 16 

The above tables listed jumper arrangements for typical user i mp l ementation . 
Other addre ss ing confi gura ti ons can be made by the user. 

2. 4. 3.2 Confi gJra tion P.equi rements for 56K ' I!emory 

To prevent conflict \'litll sys t em firmware (EXbug) which useS rr:emory l ocations 
FOOO-F FFF, the use,' may \·,i sh to di sable the upp er 8K (E OOO-FFF F) of the 
64K bl ock ( 6~K module only). Table 2-3 li sts the jumper a rt'angements for 
thi s purpose . 

Cut circuit trilck on fron t of module at arrmv l oca ted beb wcn U5B and U59 . 
Thi s i s the c i rcuit track fo r the A12 line to U59 , pi n 2. 

2-5 
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TABLE 2-3 . Upper 81: Di sa ~l e Dp Lion 

r-----------J"U~I·:~NR~S------------

rIfO]'1 

Kl-9 
Kl - 11 
Kl-1 3 
Kl- 15 

TO-----F'ROII ! 

Kl-2 
Kl-6 
Kl-12 

1::'\-1'1 

TO 
Kl- 4 
Kl-8 
Kl -IO 
\(1-+ 

Note : Remove jumper be tl·teen Kl - 14 and 
Kl-16 , i f i nstalled . 

2.4.4 Confi guration for LOI"ler Cl ock Speeds 

The lIi dden Refresh f:odul e can be operated at clock speeds bet",een 625 Kllz 
and . 919 t·!Hz . Cil'cu it track must be cut and jumpers installed . The traI.l-.. 
mu s t be cut between U38 pin 12 and U53 pin 2, and between U39 pin 10 and 
UI1 0 pi n 13. Jumper s mu st be install ed betl'/een U38 rin 8 and U53 pin 2, 
and U39 pin 8 and U40 pin 13 . The illustl'ation below i ndicates the most 
convenient areas to accomp lish thi s . 

FROIH OF I'IODU LE 
U38 U39 U40 

0 
0 

=0 
0 

= y c 
0 

CUT TRACK 

2.5 INSTALLATI ON INSTRUCTIONS 

BACK OF I·IODULE 
U40 U39 U38 0,- - I r -, r--) 

13 1 I I I 1 

0, I 1 I : ' 
. , I 1 I , 1 

, 8 1 8 I I 

'--'1 -~~; Jf!"""~~= 
~~fl 

JUMPERS : 2 r ' 
I' , 

I 

I ns tall the Hidden Refresh fiemory flndule as fo11O\'I5: 

(a ) Turn power OFF on equipment module i s being insta l led i n . 

CAUTI ON: INSERTING I·:ODULE HHILE POI·:ER IS APPLIED l·lAY 
RESULT IN DAI·lAGE TO COI-iPONElITS ON I·IODULE. 

(b) Insta ll module in the selected caro slot. 

(c ) Turn powe r on. 

2.6 flODULE INTERCmalECTIONS 

The Hi dden Ref res h ~lcmo ry modu l e interconnec ts directly I·lith the system 
bus . Tabl e 2-4 l i sts each pin conl1ectio n, Slgllu l mneillonic, and sig'tld l 
charac teri s ti c . Ta ble 2-5 identi fies the Dyn.m ic System nus in tcrfJcc 
signal s on connec tor P2: 

2-6 
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PI N 
NUI·1BER. 

A,B ,C 

D 

E 

F,H 
J 

K 

L 

M 

N-S 

T 

U,V 

W 

X,Y,Z 
iT 

J 
K 
r 
M 

TABLE 2-11. Connecto r 1' 1 Bus inlerfJce Sigllil15 

SIGNAL 
f-lllUiOil I C ----

SICI'IAL liAr-IE AriD DESCRIPTI ON j 
-----

-ISYDC 

m1f 

+5Ydc Pm-fer - Used by the module log ic c i rcuits. 

Not Use d 

NDrI- I·l!\SKAGLE IIITERRUPT - A 10l'1- going , edge- se nsitive 
output to the MPU . JUlnrer selectable PARlTv" [RROif 
output . The !·iPU I·d 11 \-1<1; t unt ; 1 it comp l et es the 
in s truction being executed before it recogn i 7e s th e 
request . At that ti !11 C, l'ega rdhss o~ t he logic state 
of the Interrupt JoIask bi t in the fWU Condi tion Code , 
Regi ster, the ~lPU \'Iil1 begin execut i ng the non-mas kablc I 
i nterrupt (pari ty error )_ 

Not Used 

02 Phas c 2 - One of th e bi- ph ase cl ock s ignal s genera ted 
by the clo ck circuit on the NPU Hod ule . 

Not Used 

11Efl CLK 1·IEl10RY CL OCK - The bas i c clock Si gna l genera t ed by · 
the 1·1PU I'lodu le and used t o control timing and refres h. 

-12VDC - 12 Vdc POI'le .· - Used to develop the -5 Vdc us ed by the I 

module l ogi c circuits . 

Not Used 

+1 2VDC +12 Vdc Power - Used by the module l ogic circuits . 

Not Used 

PARITY ERROR PARITY ER RO R - flhen used i na sys t ern "ith a DEbug II 
flodule, thi s si gna l line is normally he l d hi gh by that 
module . I-Jhen used in a system \-lithout a DEbug II 
flodule, this line should be held high by a user module 
or a jumper at K2 (Sec paragraph 2. 4 . 2) . Whenever a 
parity errOl" is detected, this si gnal is force d 101-1 for ; 
one clock cycle . 

Not Used 

D3 DATA bus (bit 3) ' - One of 8 bi-directiona l data lines 
lI sed to provide a blo-\-Iay trans fer bc tl'ieen th e t·1PU 
Module and al l other plu g- in modl,le s within the sys teln . 
The data bus drivers on the ot hcr modu l es arc in thei r 
off or high i mpedance s ta te except \-I hen se l ected duri ng 
a memory read or loJri te oper~; on. _ ! 

07 DATA bus (bit 7) - Same", 03 on Pin H. : , 
D2 OATA bus (bi t 2) - Same as 03 on Pin H. 
06 

A14 

A13 

DATA bus (bit 6 ) - Sa llie as 03 on Pin H. 

ADDRESS bus (bit 14) - One of 16 address lines from t he ' 
I ~lPU Nodul e that p~rll1 i t s the HPU to se lect any 
- lI dd res sil hl e l1'emo '"y locat i on ~-.' ith in the sys teill . 

ADDRESS bus (bit 13) - Same as A14 on Pin g. 

2-7 
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,,' .... ..... _ ... V .. " ..... .. V ' ,. ... , .... .. .... _ _ _ _ _ _ _ _ ... .. . _ • 

,----.-----,---------------------------- - ---
'PI N SIGIIAL 

II U;,;RU( f! ~IEI.:nl'_'l(~r_i_---,---S-I G_N_A_L_II_A_I,IE_A_IIO~DE-SC-R-I P_T_I_ON __ _ 

P 
if 
S 
T 
IT 
V 

W-:X,Y 
1 , 2,3 

4 

5 

6 

7-9 
10 

11 

12-1 5 

16 

17- 18 

19 

20-28 

29 

30 

31 

32 

A1 D 

A9 

A6 

A5 

A2 

Al 

GND 

+5 VDC 

RESET 

Rill 

VUA 

- 12 VDC 

+12 VDC 

VXA 

ADDRESS bus (bit 10) - Sdm~ . s A14 on Pin IT, 
ADDRESS bus (bit 9) - Same as A14 on Pin IT, 
AD DRES S bus (bit 6) - Same as A14 on Pin 1,1. 

ADDRESS bus (bit 5) - Sa llie as A14 on Pin N, 

ADDRESS bus (bi t 2) - Sa ine as A14 on Pin IT, 
ADDRESS bus (bit 1) - Same as A14 on Pin IT, 
GROUND 

+5 Vdc POIler - Used by the modu l c l ogic circuits 

Not Used 

RESET - This signal is used to reset the pari ty e rror 
f li p-flop _ The res e t \'Iill occur \-,hen pm'ler is initi all y 
appli cd to the sys t em , 

READ/i'IRITE - This signal i s generated by the HPU I!'odu l e 
and indicates to the other modules conta i ned 1'Ii th i n t he 
system that the NPU is performing a memory rcad (h ig h) 
or write (low) operati on , The normdl s ta ndby s tafc 
of this signal is r ead (high) , Additionally , when 
the fl PU is ha lted , thi s s i gna 1 wil l be i n the read 
state , 

Not Uscd 

VAll O USER ' S AD DRESS - Hhen high , thi s s i gna l indicat es 
that the add ress on the address bus i s valid, 

-12 Vdc POI'ler - Us ed to develop the -5 Vdc us ed by the 
modul e logic circuits . 

riot Uscd 

+12 Vdc Po"er - Used by the modu l e l og i c circuits , 

Not Used 

VALlD EXECUTIVE ADDRESS - A hi gh-lcve l s i gnal genera t ed 
by the DEb ug II Hodule in placc of the VUA s i gna l when 
the EXORcise r I.I i s operating in the Dual r·:a p ~10d e 
and the EXbug program i s address ; ng the Executi ve por
t i on of the memo ry map . Hhen the Hidden Refresh mcrr.ory 
Modul e i s us ed \'lith the EXORciser, the upper 8K of 
memory must be disab l ed (sce parag raph 2,4,3 ,1), 
Fai 1 urc to set the app ropri a te swi tc hes on the O!:bug II 
~lodul e I'd 11 make it impossible to access the memory 
on t he Hidden Refresh flemory flodu l e, 

Not Used 

DATA bu s (bit 1) - Same as 03 on Pin H. 
DATA bus (bit 5) Samc as 03 on Pin H, 
DATA hus (bit 0) Samc as jjJ on Pin IT, 
DATA bus (bit 4) - Sallie as 03 on Pin IT, 
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33 f\ 1 G fIOOH[SS In.s (bi l 1" ) - Sll mo as A 14 on Pin ;L 

34 AI2 ADDRESS bus (b i t 12) - Same as A14 on Pin H. 
35 All AIJDr.ESS bu ::; (bit 11) - Surr:e as A H on Pin r:_ 
36 A8 ADDRESS bus (bit 8) - Same as A14 on Pin H. 
37 A7 ADDRESS bus (bi t 7) Su,. as AI 1 on Pin ITo' 
38 M ADDRESS bus (bi t 4) Sahlc as Al'l on Pin M. 
39 A3 ADDRE SS bus (bit 3) Same uS A1 4 on Pin f.1. 
40 A~ ADDRESS bu s (bit 0) - Sume as A14 on Pin IT. 

1, 42 , 43 GND GROUND 

TABLE 2-5. Connector P2 Dynam i c System Bus 

~~ SI GNAL ! 
NUI1BER ; !·INU10NIC . SIGNAL NAl1E AND DESCRIPTION 

17 AR ITY ERROR PARITY ERROR Same as PARITY ERROR on PI-H . 

18 

19 

GN D 

PAGE ENA 

GROUND 

PAGE ENABLE - If a user builds a cont roll er that can 
convert the VHA signal f rom the MPU in to one of severa l 
"pages ," an unlimi ted numbe r cf "pages" of 64K bytes 
can be rea li zed . 

2-9 

1 



• 

• 

CIIr,PHR 3 , 

lIlCOI{y 01 Ol'fHA liON 

3.1 IIIT1WOUCTIQ;1 

Thi s chapter prc.vidcs a blocl-: diagram dC'scriptioll of the Hi dden Reft'esh (' "ory 
Hodulc. A hlock dialJrilm of the module is illus tl~atr. d in Figure 3-1 and thl~ 
schematic didgrdm is presented in Fiyurc 3-3 . 

3.2 BLOCK DIAGRi\io; DESCRIPTIO;I 

The Hi ddcn Re fresh /·lCffiOl"Y I~ orlll l e rece i yes the 16 a ddn~s 5 1; nes '~O-A 15 I a 
f.lE11 CLK (memo ry clock) ti ming signal , VUA ( 'Ie lid U'e,··s Address), VXA (Velie 
Exccuti v(' Addres s ) R/U (Read!' .. :r; le), and 02 clock signa 1 dur; 119 cach I.:cr: ')I'J 

operation. In addition, in a memo ry rCild operation, this module also receives 
the e i gh t da ta bits 00-07 from the l·iPU . 

The l'IC6800 f.lPU is des i gned to operate on • tl·/o-phose cl ock . Phas e 1 (~l) 
i s dedicated to in ternal MPU operations . Phase 2 (~2) i s used to access 
externa l rnemory (I,nd I/O . Thi s l ea ves all external RAt-I idle during ~1 of 
the 11PU eye 1 e . 

The Hi dden Refresh I·lodu le utilizes this idle memory time to r ef r esh the dynamic 
memOl~y . The memory cyc l e can then be broken dov/ll into hiO parts : 

01 - REFRESH 
02 - ACCESS 

Refer to Figure 3- 1, bl ock diagram , for the fo ll O\·';ng dis cussion . 

3.2. 1 m RE FRESH 

During 01 of the cyc l e a ro\'l address i s~p.Q li ed to the memory an'ay by the 
refresh counter . Then one of the four RAS1-RAS4 (Rol-' Address Strobe) is 
gene ra ted . This causes one of the four lI:emory blocks (rows) to refresh a n 
in terna l rOl'/ of its storage cells . During re fr esh all memory outputs remai n 
in the tri - state mode . DUl' in g the follOl·ling .02 half cyc l e, the rol'l address 
counter i s in c r emented in prepa ration for the next ,"efr es h half cycle . 

3.2 . 2 02 ACCE SS 
. 

When the NEN CLK (memory clock) s i gnal i s received , a 7 bit (A6-l 1,A13) 1'01'/ 

address i s r outed from the system bus to the I~emol'y Array by the Address Bus 
Latches . Tl'lo additiona l address bi ts (AH , A15) are decoded by Address Select 
logic to direct a RAS s i gna l to the appropriate block of memory. The n a 
7 bi t (AD- AS , A12) column address i s routed t o the 11emo ry Array and cAs 
(Co lumn Address Strobe) i s applied to all blocks of memory . The CAS signa l 
causes all memol'! outputs to be tr i- stated except the block \~'hich prcviously 
received the RAS signal . 

Read Or.cl'ation - Hhen a memory read i s executed, the conlents of the selected 
l OCuti on is ,'outed to the system bu s viu the datil bus buffel's. The Pad ty 
Chec k circuit n:oni tors these datu li nes. If it parity error i s detected , 
a pjCRTrV Dfif6R signal is generated ~'Ihich i s mai n tained for the re ma inder 
of tile cyc l e . 

3- 1 
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!J_, ... _~.t~ OjH-",(,'1 .iSLn - I .. Jhc-n J. memo ry I·wile i s exec uted, a \·:L (I-irile [n~d)l(;) s i gfletl 
i s (lpplir(j to Lhl' j !,I~II.OI·Y fln'ay , Tilt! dJ t il bus buffe r s DI"C" enabled Lo ,'Qute 
the 8 b"iL!'. of dilLa to the I·lolila r y flr r JY and the Pa rity Gc nc r etor . 111 ; s \-wllcs 
the datil ill~o Ir.cn~u ry togethc l' I-1 1th the rar i ty bi t f r olll the pa rily generator . 

3.3 T11~H:G S"QU[ ~;C[ CFUERAT IOrl 

The ri s i ng edge of the I·:EI~ CI.K si gna l cl oc ks flip-flop U49 "hich ou tputs 
a tra ns i tion to delay l ine 1 (U52) . Thi s t t-ans ;ti on then pr opagates throu~1) 
all t hree de l ay linc~ (U5? , U39 , U33) gcnc'·d· ... ing the var i ous ti mi ng pulse:; 
on the outputs of X-OR gates U40 and U53 . ,[ Ilese t i ming pulses ore shown in 
Fi gu re 3-2 . Once the ti mi ng sequence beg ins , the fli p- fl op .,.';11 not gcnenltc 
any fu rther t ra ns; lions until a t l eas t 900 nscc later \'Ihe n the last de l ay 
line oU lpu t i s fed buc k to the fl i p-flop D input . 

3.3.1 P,ccess lI ulf-cyc l e Timing 

The falling edge of the s i gna l generated at TP7 causes the follO\·/ing : 

1. Lat"h es the bus address l evels (U60,U61, U62) .. 

2. Tri- s tates the Refres h Counter output li nes (U46, U47, U48 ). 

3. Routes the rON address levels to the ~lcmo ry Array by enabling 
U61, U5B tri-state dr ivers . 

At the s ame ti me , a ri s ing edge on TP4 (in conjunction \'Iith a hi gh VUA si gnal) 
enabl es decode r U59 . The address latched on the A12-A15 lines genera t es 
a RAS {RoN Address Strobe} \,/hi ch la t ches the r m'l add r ess into one of 16K 
memory blocks (rOl·'s) . The same rising edge clocks flip-flop U41 gene ra t i ng 
a BOARD S[LECTED s ig na l which enables data bus drive rs U56 and U57 if the 
board i s be ing r ead , After the rOl'/ address has been held for about 100 nsec , 
the ri sing edge of the signal on TP9 tri-sta t es the row drivers of U61 and 
U5B and turns on t he column drivers of U62 and U5B . This co lumn address 
i s then (l11m'led to stabilize for abo ut 50 nsec prior to the rising edge of 
the signal on TP10 \',hich strobes it into memory . Thi s column address strobe , 
unl ike t he rm'/ address strobe , is applied to all memory devices in the array , 
Thi s causes all memories ','hi ch did not rece ive a rO\<l address strobe to tri
state their outputs. 

If th e R/\~ line i s in the \I/rite mode, the ri s ing edge of the signal on TP5 
cau ses the data ent.ering through the data buffers (U56, U57) to be strobed 
i nto memory along v.'ith the parity bit generated by U42. 

If the R/H line i s in the read mode, this str obe is inhibited and valid 
data appea rs on the DOX lines 200 nsec after the column address strobe , 
U43 then gcnel"ates an odd/ even parity si gnal which is l atched into flip-fl op 
U41 on the rising edge of the signa l on TP7. The r es ulti ng parity error. 
i f a pllrity errOl" has been de tect ed , \1il l be n:ai nta i ncd on' the system bus 
un til the flip- fl op is clocked aga in on the follOl'ling cycle. 

The falling edge of the P2 signal tri-stutes the data bus drivers , at the 
end of the acce s s half cycle by presetting flip-flop U4 1. 
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3.3.? Rcfrrsh Hl1f rycle ·'imino 

The ri sill!) ('.clne of the siqr: ,d dt TP7 flP[l'oximati>ly 1150 nscc into the cyel" 
tri -st.l tr 'i illl of II:p (1ddrr-s<; bus 1,1tch (lutP lItC. (UGO, U61, U62 , U~3) Jnd 
cllaLlcs lIlC: OIl:'f'U~ (:, ;vur:; of the tt~t":.:c r e fresh coun t er:; (U':S, U17 . lJ18). 
The5.c Jddrcss 1; (105 'Ire al1o:'/r'd to st.Jbilize for flbout 100 nsec bf'forc thr' 
ris ing ed~e of t"'~ !".ignal on TPl stroh~s them into the memory art·ay. Th;e; 
causes an entirt 1'(:'-.1 of stO'"d!)C cells in the :nemory devices to be refre:;hed 
(no col urnn addreSS is requi red) . 

The refres h r O\'1 address is Ira intained on the outputs of the refresh count~t"s 
until the beginning of the next memory cycle. At that time the falling 
edge of the signal on TP7 simultaneously lri - statcs the refresh counter 
outputs. and ;ncren:enls the counter . 
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CIIAPTER ~ 

PARTS 

4.1 INTRODUCTIOtI 

Thi s chapter provides the parts li st (Ta bl e 4-1) and the parts l ocati on 
(Fi gu re 4-1) for the lIidden Refresh 11emory /·;odLi le. The pa rts li st reflect, 
t he l atest iss ue of hardlo/are at the time of printing . 

TABLE 4-1. Hidden Refresh Memory I'lodu le Parts List 
, 

REFE RENCE i HOTOROLA 
DESIGNATION i PART NUI·IBER DE SC RIPTI ON 

EFF EC
TI VITY 

84DH6737X01 I Pr in ted \·/irin g Boa rd, Hidden Refres h /·Iemory 
110dul e 

55NH9403A05 Ejector, Circllit Card "ith Roll Pin Attach
ment , 2 required 

l-C4 ,C6,C10 21NH9702A09 
14,C1 8 ,C 22 , I 

Capac itor, Fi xed , Cerami c , 0.1 MFD at 50 vot 
(41 r equired - 16K modu l e only) 

26,C30 ,C34, I 
3B ,C7B-C90, , 

, 

92,C93,C95- I 
l 05 ,C1 07 , I 
lOB I 
l -C4,C6,CB, . 21NH97D2AD9 
lO,C1 2,C14, i 
16,C1B,C20 , , 

. Capac itor, fi xed, Cerami C, D. l MFD at 5D VDC 
(5D required - 32K modul e only) 

22,C24,C26 , : 
2B,C30,C32 , ! 

34 ,C36 ,C 3B , 
C4D,C78- C90 , 
C92 ,C 93,C95-
C105,C1 07, 
C10B 

l-C4, C6,CB, 
" lO,C1 2 ,C1 4 , 
C16,C18,C 2D , 
C22 ,C24 ,C26 , 
_2B ,C 30 ,C32 , 
C34,C36,C3B, 

40,C4 2 ,C 46 , 
50,C54 ,C 58 , 
62,C66 ,C 70 , 
74,C 76,C78-
90,C92,C 93 , 

C95-C105 , 
C1D7,C10B 

; 

21NI·/9702AD9 • Capac itor; Fixed, Ceramic, D. l MFD at 50 VOC ! 
(60 required - 4BK module only) 
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Hidden Herre:;h I·:(': I:OI'Y f:orl u1c PJr Ls list .(co nt'd ) 

- 1{[i' ;:'''ENCE - 1- 1:'OTmWl/i" I 
D[SIGI'lflTID:'1 ; I'ART NU i·iBER 
--_._-----'-_ ..... _._---"_. --

---------1-... -.-
DESCRIPTI OII ~;~\{;; i 

Cl -~,CG,C8, 12lN'.:9102A09 
CI0, C12, C14 ,. 
C1 6 ,Cl8 , C20 , 
C22 , C24,C26, 
C28 , C30, C32, 
C34 ,c 36 ,C38, 
C40,C 42,C 44, 
C46 ,CI18 .C50, 
C52 ,C5 ~ ~ C56 . 
C58,CGO,C62 , 
C64,C66 ,C68 , 
C70,C72,C74, 
C76, C78-C90 , 
C92,C93, C95 -
C105, C107 , 
CI08 

C5,C9,C13, : 21NW9604A08 
C17,C 21,C25, I 
C29,C33 ,C37, 
CI06 

C5,n ,C9,C11" 21NH9604A08 
C13,C 15 ,C17, i 
C19,C21,C23, I 
C25,C2 7,C29, , 
C31,C33,C35, I 
C37,C 39 ,CI06 

C5-C 39,C41, 21NI, 96 04A08 
C4 5,C49,C53 , 
C57,C61,C65 , I 
C69,C73,C I06 I 
C5,C7 ,C9,Cll, .21NW9604A08 
C13, C15,C 17, : 
C19,C 21,C23 , I 
C25,C27,C29 , ! 
C31 ,C33,C35 , I 
C37 ,C39,C41, 
C43,C45, C47 , . 
C49,C 51, C53, .
C55,C57,C59 , 
C61, C63,C65 , 
C6 7,C69 , C71, 
C73, C75, CI06 

C77 ,C91 ,C94 

I 
23NI·19618A33 

Kl !28NW9802B34 , 
·P2 ' 28NW9802C 12 

,RPl, RP2 51 NI'19626A40 , 
IRP3,RP~ , RP8 51NI·19626A36 

I RP5 ,R?7 5 1 N I~9626A44 

1 Capilc itol' , Fixed, C C:l"a Il~'ic, 0.1 r: FD at 50 VDC 
(68 requil"ed - o4K ,,;odule only) 

" " 

Capacitor, Fi xed , Cerami c, 1.0 MFD at 50 vae K 
(10 required - 16K module only) 

CapacitOl", Fixed , Ce ramic , 1. 0 MFD at 50 voe: 
(19 required - 32K module only) , 

I Capa ci tor , Fixed , Ceramic, 1. 0 flFD at 50 VDC
(28 required - 48K module only) 

; Capacitor, Fi xed , Ceramic, 1.0 flFD at 50 VDC' 
(37 requil'ed - 64K module only) 

K 

K 

K 

: Capacitor , El ectrolytic , 25 MF D at 16 vac , K 
I -10 +50 Pet. 

Header, Doub l e Rm'l Pos t, 16 pin 

Hea der , Double RDI'I Post , 20 pin 

Resistor N e t\~ork , 5/l1( ohm, 6 pin 

I
, Resistor Netl'lOrk, 3/100 ohm, 6 pin 

Res i stor Networ k, 3/33 ohm, 6 pin 
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K 

K 

K 

K 

K 
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TAInT 4- 1. Hi dde n Re f resh r· ~ r · ~ :OI'Y /"lodu l C' Parts Li s t (cant l c!) 

--m:~ FRE IIC[TMOTOROI ; - ,---------- i [ 1'1 [C " 
DE5 I GI IATl Oi l j PI\RT NUI·::;[R i DESCR I PTIOII ; TlV JT{ 
--------j---~-.---- .-------- ------~"---, 
R1 , A7 065\-1-124 C49 Resis tor, Fi xed , C.'rbon , 1K a hill , 10%, 1/4 \-I I K 

R2 06S\-I- 1241\ 25 Res i s tor, Fixed, Car bo n, 100 o hill , 5%, 1/ 4 \·1 i K 

R3-R6 06S ~'J - 1 24A21 Res i s t or, Fix ed, Carbo n, 68 ohm, 5~~ , 1/4 I-! K 

RS 065W124A1 3 Resis tor, Fix ed , Ca l"bo n, 33 ohm, 5%, 1/4 \./ 

Termi nal, Feed-thru, I·!ire-I-wa p 

K 

K 

K 

TP 1- TP 1 0 29NI,1980SA46 

U1,U3,U5 , U7 , 5ltl1-i96 15E 37 I.C . l'IC I'i 4116C20 (9 req ui red - 16K modu l e 
only) U9,U 11 ,Ul3 , 

U15 , U1 7 

U1-UW 

U1 - U1S ,U19, I 
U21,U23 ,U 25 ,[ 
U27 ,U29 ,U31, 
U33,U 35 

U1 - U36 

U37 

U38 ,U52 

U39 

U40,U53 

U41,U49 

U42,U43 

U44 

U45 

51NW96 15E 37 

51N1196 15£ 37 

I.C. 1·1014116C20 (I S r equired - 32 K modul e 
only) 

I . C. MCM4 116C20 (27 r equired - 43K modu l e 
only) 

51Nfl9615 E37 I.C. 1·ICI·14 116C20 (36 r equired - 64K modul e 
only) 

51NI1961 5D32 I.C . 51-1 74S 02N 

01N!19804B62 Del ay Line , Digital, 250 nse c 

D1NH98D4B6 3 De lay Lin e , Di9ita1; 515 nsec 

51NI1961 5C58 I.C . SN 74 586N 

51NH9615C95 I.C. SI-I 74S74N 

5HIH9615F12 I.C. 51-174L52SOCI 

51N\-I9615F35 I.C. Dfl74LS21N 

511-1H9615A79 I.C. 51-17432N 

K 

K 

" , 

K 

K 

K 

K 

K 

K 

K 

K 

U46,U47 ,U48 511-1\-19615F36 I.C. Dfi8556N K 

U50 51 NI19615C96 I. C. 5N74504N K 

K 

K 

K 

K 

K 

K 

K 

U54 

U55,U63 

U56 ,U57 

U58 

U59 

U60,U61,U62 

Yl 

51NI·19615C36 1 

51NH96 15C94 i 
51NI·/96 15F19 

51NI'/9615F34 

51NH9615D91 

51NI·/9615E32 

I.C. 8T98 

I. C. 5N74S00N 

I. C. 8T26A 

I.C. D/·174125N 

I.C. 5N745 139N 

I. C. 053 645N 

51NH9615C39 I.C . fiC7905CP 

28NI-I9802GS8 Hea de ,', Double Rm'l Post , 6 pin , 2 required K 
(Usc Jt ADR E~A Jnd K2) 

28NI!9802C29 Heade r, Do uble RO" 1 Pos t , 4 pin K 

28NH9802G07 50ck e l , OIL , 16 pin K 
. . ; (9 requi red - l GK Iliodul c ; 18 required 32K fl'odul c) 

1 (27 rcqlJi rcd - ~ 8K Ill odule; 36 required - 64K modll lc) 
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I P2 I R8 R4 ~ ... u -s.-,-c: 

VB 8098 8 8 8,98 a f ~1f~,q~ ~ ~ r,q~ t" 
C"" 

C50 0 00 0 00000000 00000000000000 000000 000 ' 

. :1 ~ ~ M G1 - ~ ~ ~ ~1 ~ ~ ~ ~1 ~ ~ ~ ~11 [~; 
I:J l:1 l:J EJ LJ LJ LJ LJ LJ LJ LJ LJ LJ 0 [j LJ L! : 

C4b 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 R9 00 Ci6 

RP8 RP 7 . TP5 RP4 !! R5 -L ~ "Pc' . -=-.., 
f J I ! 0 RP3 I J R6 -J r I 'p:-'"" n 11-:-

-:':la;:8Pl[~M O[!]M 0[!J'" o~~oG<: o~.;. 0 ~::. o~~ o~<: o~-;l O~I; o~1cc9o~;16~~ 
,. '. T P 2 ~ ::;:) :::> ::) :::> :::> :::> :::> :::;) ::::;) :::l =:J I '" ~ Ji :=1 
'-> ' ') TP2 0 I It; ~,;:.:I 
i
J 

0 TP<; , 0 1 Kl 1 Li -p;s-:xol.:J 

;::1 0 ~ 0 r::l 0 --1 0 f."l 0 pc id5--1 ~ 
~i 1"'11"'1 1"'1 1"'1 1"'1 I~ I~I I~I~I I~ lJ !~_ 17 

o -I C94 of f- 0 ~ I T?9 J 0 
C108 RP2 ADRoNA 

'~--, Rl@]Dffs 

p' 

FI GURE 5- 1. Typica l Hidden Refre:sh i~emory ~:odu le Parts locJtion 


