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1.0 P~EFACE 

T~1s ma~ua' describes t~e Mq3~1 Bootstrap/Ter~~nator 
various versions. Complete understanding of its 
t~at t~e user ~ave a general knowledge of dig~tal 

module a~d its 
contents requires 
circuitrY and a 

following ~elated bas4e UMderstand;ng of PDP-lt computers. T~e 
documents may be valuable as references. 

POP11 Per;p~era's Handbook 
PDP11 Processor ~andbooks 
PDP~11/3U, 11/39, USERS ~ANUAL 

2.0 INTRODUCTION 

The M93~1 Bootstrap/Term~nator is a double ~eig~t extende1 module 
w~;ch plugs into a term;nator slot on most PDP11 compute~s (see 
Installation Section 4). It conte,ns a complete set of UNIBUS 
termination resistors along with 512 words of Read-Only memorY wh;e~ 
ean be used for bootstrap programs, T~e module also provides 
circuitry for initiating bootstrap programs either on power ups or 
from an externa, or 10g~c leve' switcn closure, See F;qur~ 1 for 
photo of module, 

2.2 Features 

, 

• 

J 

• 

Combines UNIBUS termination and bootstrap capab.lity ~n one 
double height module, 

Can be used in a1 I PDP11 machines which can h~nrlle an 
e~te~ded length module ;n tMe term;~ator slots, 

Bootstrap programs can be initiated by the following means: 

1, D;rect program Jumps to t~e memory space occup;e' by the 
bootstrap. 

2. Programmer console Load address and start sequenee_ 
3, Power restarts (See Section 3,3) 
U, External Boot switch closure 

Provides capability of enabl;ng or disabling boots on power 
restarts, 

words of user memory space wh;ch Can be 
the user or purc"ased wit" standard p~tterns 

(See sections 3.10 and 4.2), 

Provides 512 
programmed by 
provided by DEC. 
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MOdule Photo 

Figure 1 



Tne M9301 ~s a double ne;gnt e~tended (8 1/2 x 5 1/2 inches) 
module wh~ch plugs ;nto tMe A and B terminator s10ts on 
backplane, External connections are made via three FAST ON 
and TP3) tabs provided at tMe Mand1e end of the module. 

2,4 Electr;cal Specification 

2,4,1 Power Consumption 

+5V DC • 2,0 Amperes typical 

2.4,2 Electrical Interfaces 
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FLIP-CHIP 
~Me PDP11 
CT P 1,TP2, 

Tne UNIBUS 4nterface ;s standard using 8837 and 86~0 receiVe~5 and 
6881 drivers, 

2,4,3 External Electrical Interfaces 

T"8 external interface consists of three FAST ON tabs (TP1, TP 2 and 
TP3), each "av;ng the following loading and usage constraints. 

TPl Represents one stanoard TTL load with· a tK ohm 
pull-up, Input should be stable during a ooWer uP. 
Refer to Section 3,3 for TP1 usage. 

TP2 Represents two standard TTL loads with a tK ohm 
pull-up resistor, Input Signals should be limited to 
a 100ns minimum pulse width with all sw4tc~ bounce 
noise restricted to a 5ms maximum duration. Note 
that triggering is initiated upon release of a~ input 
low (logic "0") pulse~ OM a" oower-ups, t~i~gertMQ 
48 disabled until approximately 100ms after power 
returns (See Section 3,7) assumin~ t~at +5 V~C wil' 
be available from the power supolv within 2~ms. It 
is also important to realize that this 1npwt "as no 
over voltage protection capab;l;ty and a1eQuate 
filteriMg must be provided W"eM remotiMg t~;~ input 
outside tMe standard DEC computer enclosure, Refer 
to Section 3.5 for TP2 usage. 

TP3 S~ou'd be used as a grouMd return for e~ternal 
switches attached to TP1 and TP2, Note that t~ere is 
no protection for large voltage soikes on this input 
so proper filters snould be exterMally ;Msta 1led to 
guarantee adequate 4solat;on. 
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Refer to Sectio~ Q.0 for system eo~straints on soecific versio~ being 
used, 

2,4,5 Power and Ground P;~outs 

+5VDCa 
GN.DI 

01 n AA2, BA2 
PINS AC2, AT1, Be2, BT1 

2.~.6 M9301 MODIFIED UNIBUS Pin Assig~me~ts 

See TABLE 1. 

Figure 2 shows important tim;ng constraints for t~e M9301, 
8~OW" are tYPical. 

FIGURE 2 
M9301 TIMING 

2.5 O~erating Environmental Soecifications 

121 e to 70e 

2.5.2 Relative Humidity • 20X to 95~ 
(with out eo~den8at;o~) 

Va1ues 
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TABLE 1 

M9301 MODIFIED UNIBUS PI~ ASSIGNMENTS 

PIN SIGNAL PIN SIGNAL 

AAi BUS HJIT L BAl SPARE 
AII2 POWE~(+5V) 8A2 POWER (+5V) 
AB! BUS INTR L BBl SPARE 
ABa TEST POINT BS2 TEST POINT 
ACl BUS 000 L BCl BUS BR 5L 
Ae2 GROUND BC2 GROUND 
AD1 BUS 002 L BDl BAT-BACKUP +5V 
AD2 BUS 001 L BD2 BR 4L 
AEi BUS DC4 L BEl INT ~ SSYN, 
AE2 BUS 003 L SE2 PAR: DET, 
AF1 BUS D06 L 6Fl BUS ACLO L 
AF2 BUS 005 L BF2 BUS DeLO L 
AH1 BUS 008 L BHl BUS A01 L 
AH2 BUS 007 I.. BH2 BUS AOO L 
AJl BUS D10 I.. BJl BUS A03 L 
AJ2 BUS D09 L BJ2 BUS A02 L 
AKl BUS 012 L BKi BUS A05 L 
AK2 BUS 011 I.. BK2 BUS A04 I.. 

ALl BUS D14 I.. Bll BUS A07 L 
AI.. 2 BUS 013 L BI..2 BUS A06 L 
AM1 BUS PA I.. BM1 BUS A09 I.. 

AM2 BUS 015 I.. BM2 BUS A08 L 
ANl Pi BNi BUS A 11 I.. 

AN2 BUS PB L BN2 BUS A10 L 
AP 1 P0 BPl BUS A13 I.. 

AP2 BUS BBSY L BP2 BUS A12 .L 
ARt BAT BACKUP +15V BRl BUS A15 I.. 
AR2 BUS SACK I.. BR2 BUS A14 I.. 
AS1 BAT, BACKUP ",15V 651 BUS A17 I.. 

AS2 BUS NPR L BS2 BUS A16 L 
ATl GROUND BTl GROUND 
AT2 BUS BR 71.. BT2 BUS C 1 I.. 

AUl +20V BUl BUS SSY~ L 
AU2 BUS BR &1.. BU2 BUS CO 1 
AVl +20V BVl BUS MSY~ l 
AV2 .20V eV2 ... 5'.1 
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TMe fol'owq~g is a deta,led c;rcu;t dese~1~tio~ of t~@ Mq3~1 
Boo t iii t i" S ~ I T e !" m ; r"\ a 1 s mod U , e • Val" ; 0 u sse 9 men t $ 0 f t h ; IS mod u 1 ~ '<>I;" be 
~~a'yzed separetely for clarity. M9301 circuit schematics w1 11 be 
refere~ced throughtout the descript1o~@ (CS Mq301~0~1'9 

, bootstrap program is a~y program wh,oh load anot~er (u~ual1v 'arger) 
pregram 4nto com~utei" memory fl"om a perlPnera' device~ 

Boot 4s a verb w~1ch means to i~it,ete e~ecut,on of a ~ootstr~D 
~rogt"!lI'fI, 

Typ;ca11y 111 PDP11 computers perform w~at ~s r~1eFred to as a power 
UP ~e~ue~ee eec~ time power is applied to t~eir CPU modu1eC~)~ T~~s 
Serejl.l@Fll!:e ~I!l as follows, 



3,3 Overview co~tinued 

+5VDC COMES TRUE 

BUS DC LO L RELEASED 
BY POWER SUPPLY 

BUS AC LO ~ RELEASED 
BY POWER SUPPLY 

PROCESSOR ACCESSES MEMORY 
LOCATION 24(8) FOR NEW PC 

PROCESSOR ACCESSES MEMORY 
LOCATION 26(8) FOR NEW PSw 

PROCESSOR BEGINS RUNNING PROGRAM 
AT NE~ PC CONTENTS 
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WITH AN M9301 BOOTSTRAP/TERMINATOR IN T~E PDP11 computer system, on 
power ups the user can optionally (8 switch on the M9301 can en~ble or 
d;sable this feature) force the processor to read its new PC from 8 

ROM memory location (unibus Location 77302~(8» and offset switCh ban~ 
on the M9301, A new PSW wi'l also be read from a location (UNIBUS 
Location 773026(8» ;n t~e M9301 memorY, Th.s new PC and pSW will 
then direct the processor to aerogram (typ;cally a bootstrap) 4n t~e 
M9301 ROM (UNIBUS memory locations 773000 thru 773776). 

If booting on oower UPS is disabled 8n external switch 
and be used to force the processor to e~ecute 
Programs 'n the M9301 can also be initiated by program 
starting addresses or through the START switch 
~rogrammer's switch console ~f one is available 4n the 

3.4 Power UP Booting ~og;e 

AC ~O ana DC ~O 

or logic level 
a boot program. 
Jumps to t~e;r 
1eatu~e of a 

system. 

The statvs 01 every PDP11 power Supply ;s described by the two UNIBUS 
control l;nes BUS AC LO L and BUS DC LO L, The condition of these two 
'~nel ;n relation to the +5 volt output of the power supp1y 49 ~ef'ned 
by UNIBUS spec;ficat;ons as summarized ;n Figure 3. 



F;qure 3 Power fail Seoue~ce 

Power Up or ~ower DOWN 

O~ t~e M9301, Power UP seque~ces are detected by t~e c;rcu;t~y s~ow~ 
.~ Figure 4. W~en +S volts first becomes true, both Bus AC LO, a~d 
BUS DC LO are asserted low. Assum1~g the POWER UP REBOOT ENABLE 
sw1tc~ (51~2) is c'osed on, flip flop ~2Q w~ll then be set. W~e~ BUS 
OC LO L goes high followed by BUS AC LO L, t~;s flip-flop· is the~ 
cleared generat;~g a low-to high tra~sit;on on the output of E~0 (pin 
13). This tra~s;t;on triggers the one-shot E21 wh'eh asserts UNIBUS 
8ddres~ l~nes BUS A0Q L, BUS '10 L, and BUS A12 L thru BUS A17 L for 
300 ma. 
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FIGURE a 
POWER UP BOOT LOGIC 

P~oeessor reads new orogram counter 

Ou~ing the 300 ms t1~e~out of E21, tne centra' processor w." be 
~ertorm;ng its power up se~uence. Wne~ tMe processor attempts to read 
a ne~ ~rogram Counter (PC) address from memOry location 2~(8), the 
address bits e~ab'ed by tne one-snot are log;cally ORed to g~nerate 
tMe address 773024(8). Th;s 'ocation happens to be an addres!;n the 
M9301 rom space which contains the starting address of a specific (see 
Section 3.9) boot routine, 

P~oeessor read new status word 

Having obtained a new PC fro~ location 77302 a (8), the proees!o~ then 
attempts to read a new Processor Status ~ord (P5W) from memory 
location 26(8), The address bits enabled by one-shot E~l are 
logically ORad to generate the address 773026(8) which ;S 8'90 in the 
M9301 ROM aodress space, Once this transfer ;scomp'eted the removal 
of MSYN from the bus wi" generate a ADDR CLR L signa' (See ~ect;on 
3.&) which clears the one-shot (E21) timeout remov;ng address bits BUS 
A09, BUS A10, and BUS A12 thru BUS A17, The 300 ms t~meout 'e~9th of 
E21 was chosen to guarantee enOU9" t,me for al' PDP11 processors to 
com~lete the two memory transfers described before re'eesi~g the 
address 1 fnes. 

POWER UP REBOOT ENABLE 
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T~e POWER UP REBOOT ENABLE sw;tc~ (51-2) can be used to d;s~b'e the 
log.e .~ow~ ;n Figure 4. W,th th.s switch open, t~e clear i~put to 
the tl~p~t'op E2q w;ll always be low, preventing it fro~ ever being 
set o~ power restarts. FAST ON tab TP1 is provided to allow switch 
Sl~2 to be re~oted e.terna' to t~e ~odule. Note that when an ewternal 
switch ;s used, 51-2 must be left in the oft pos.t;o~. 

3,5 Ewternal Boot Circuit 

The proeessor ce~ be ewternal'v activated by grounding the FA~T ON tab 
TP2 ;~put, as shown. n FIGURE 5, Th;s low input sets flio-f'op El3 
which then generates e BUS AC LO L signal on the UNIAUS. Upon seeing 
this 

FIGURE 5 
EXTERNAL BOOT CIRCUIT 

UNIBUS SIGNAL EVERY PDP11 processor will begin a power down routine 
anticipating a real power failure. After co~plet;ng this rou!;~e, the 
processor will then wait tor the release of BUS AC LO L at Which time 
~t wi " perform a POWer UP seQuence through location 24(8) and 2b(8). 

Whe~ the EXTERNAL BOOT input is released, the oneshot E21, ;s 
triggered causing an 8 ms ti~eout, and the set input to 11;p-f'op E13 
removed. At t~e end of the one-shot t~meout, fl ;p-110p E13 ~s e10cked 
low releaS~Mg the BUS AC LO ~ liMe and firiMg the 300 ms o~e.shot 
(E21) ~e"tioMed in Section 3.4. The processor then is forced to read 
its new PC and PSW from 10eat;OM 773024 and 77302b respect4 Velv as 
deser1bed in Sect;on 3.4. 
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FIGURE 7 
TRANSFER D~TECTION LOGIC 

After BUS Ae LO L and BUS DC LO L have perfo~med t~etr oower UP 
se~ue"ce as described ~~ Sect~o~ 3~4, the log4c s~own in Figure 7 
~ount9 t~e first two DATI tra~s+ers on t~e UNIBUS and generates a 75 
~e ~ulse on t~e CLR ADDR L li"e. T~e two UNIBUS transfers oerformed 
wt" be to obtain a new PC and PS~ as prev~ously described, T~e CLR 
ADDR L pwlse result4ng wi1 1 be used to clear the one SMot E21 e~ow" in 
Ft~ure Q releas~"g bus address line BUS A09, BUS Al~, and BUS A12 t~ru 
BUS A17s 

YRe e4reu~t shown ~n F;gure 8 45 included On the M9301 to qu~rantee 
t~et s~ec;1ic storege eleme~ts on the module are cleared wnen ~owe~ ;9 
fi~~t ~pp'.ed tRe PWR CLR L signal w.l1 be held low for appr ox;mate1v 
10 m5 after tRe +SVOC Mas retyr~ed assuming tMe +5V supply Ma~ ~ r;se 
time af less t~8" 2~ms~ The .~aet per~od of time fop holding pWR CLR 
~ is a fu"etian of t~e rise t;me of the +5VDC power supp1Y g 

FIGURE 8 
POWER UP CLEAR LOGIC 
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3.8 Address Detect~on Log~c 

M9301 Address Space 

F~gure 9 s~ows t~e complete UNIBUS address detection logfc o~ t~e 
M9301. The purpose of t~~s c~reu;trY fa to detect UNIBUS ad~resses 
wfth~M t~e address space of the Mq301 773000(8)· 773777(8) and 
165000(8) • 765777(8», and recognize the spec4f~c !ddresses 
773024(8)aMd 773026(8) for the power up c~rcu;t previously ~e!cribed 
~" Sect~oMS 3.q, and 3,5. 
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Tne circuitry snow ~n Figure 9 determines wnen tne M9301 ROM address 
space fs being accessed, Upo~ reeeiying a recognized uNIBUS a1dress, 
and BUS MSYN, tne ROM data outputs are enabled onto tne UNI~U~ date 
l~nes (BUS 000 L • BUS 015 L) end BUS ssYN L ;s enabled 200 ns later, 
Conditions wnich must be ~et before enabling tne ROM data and 
returning BUS SSVN ere as follows: 

1. Detection of t~e UNIBUS address 7b5XXX Cdependent on 
posftion t~e of L ROM EN.BLE switcn 51-i) or 773XXX w~ere 
xxx ,s redundant. 

2, Transfer be,ng performed ;s a DATI operation wnere BUS Cl 
L ;s not asserted, 

3, • BUS MSVN L control signal ~as bee~ obtained, 

Low ROM Enab1e swften 

LOW ROM EN.ABLE switch (51-1) !nown in Figure 9 allows t~e uSer to 
disable the M9301 deteetfon of UNIBUS addresses 7b5~00 tru 7b5777. 
Tnese addresses would normally represent the lower 25b words of tne 
M9301 memory space. Disabling tne detection of tnes. addresses 81-1 
4. set to OfF position) becomes essential when that memory space ;s 
bein~ used bv otner per;pneral dey;ees in the system, For M9301 
~odules containing standard DEC programs, users should nOte what 
program features will be eliminated by d;sabl~ng M9301 eddress 
locations 7b5000 thru 7b5777, 

ROM Address Generation 

Logic show~ in tne lower half of figure q performs two funotions. 
First it receives the nine address inputs for the M9301 ROM memory 
(7b5XXXL and A01H thru A08H)~ Second it detects the UNIBUS address 
77302~ and generates the offset switeh enable signal (See Section 3.9) 
fNAB JUMP L. 

3.9 Address Offset Switch Bank 

As ~reviou.ly mentioned in Section 3,~, on all boots, t~e M9301 
~roees,or obtains its new PC from location 773024(6) instead of 
location 2~(B). When the'MQ301 address detection log~e (Section 3.8) 
decodes the address 24(8), it enables (via ENABL JUMP L) the~ddress 
off,et sw;tcn bank (Figure 10) shown below. The eontents of these 
Switches, combined with the contents of the specified address i~ M93~1 
ROM memory, produce a new PC for the CPU. This new Pc w;ll pOint the 
processor to tne starting address of a specific program ru sa"y a 
bootstrap routine) in the M9301 memory. Severa, programs Can be 
included 4n the M9301 me~ory with anyone being user s@1ectab1e 
through the address offset switch selection 



) 

H9301 ROM add~ess 773024 contai~s·- 173000 
Of1aet Swite~ Ban~ contains 254 ------
New PC read by CPU 173254 
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The heart of the M9301 ~s the 512 word ROM (Read Only Memory) s~own 4n 
Figure 11, It ~s composed of four 512 x ~ Bit Tr~.state ROMS 
org8~;zed ~n a 512 x 16 bft configuration, A', four units s~are the 
same address l;~es and ~roauce lo-bit PDP-l1 instruct.ons for 
e-ecut;oM by the processor, 

A'1 four ROM outputs are 
;n~yts wi" result in a 
DATA signals in Figure 9 
M9301 com~at;b'e ROMS, 
Appendix. 

always enabled, so any cnange in ~ddress 
Cna~ge in the UNIBUS data lines when the ENAB 
are enabled, For further informat~on on 

CONSULT THE RO~ Spee;~ications shown ;n the 

M9l01 users that program their own PROMS should note the fol'ow;~g 
~rogramm4ng constraints, 

1. There;s no address or data output translation re~u;re~. 

2. UNIBUS address locations 773~00C8) thru 773776(8) are 10cated 
in the lower 256 words of PROM word space and UNIBUS address 
locations 765000(8) tnru 7b5776(8) are resident ;n the upper 
256 words. 

3. When coding PROM patterns data bits 001 thru 008 must always 
contain the ~nverse of the data reQuired to compensate for 
t~e extra inversion 10g;c available in the M9301 Offset 
Switch Circuitry, 
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T~e te~mi~ator section of t~e M9301 consists of four rea.stor ~ack 
c4rcuits eae~ conta.n~ng l~e reQu4red pul'~up and ~u".down reSlstors 
for pro~er UNIBUS termination, Since PDP11/04 and PDP11/34 eomputers 
4~eor~orate BUS GRANT pull-up resistors on t~e processor module., 
.~ace ~81 been left on t~e M9301 for f4ve Jumpers (W1 thru W5) w~ich 
.'low t~e user to select whet~er to include BUS GRANT oull~up 
res4ltors. TABLE 2 indicates whic~ versions of the M9301 ~8ve BUS 
GRANT Jumpers insta"ed, 

Caut~on should be taken when inserting M9]01 mo~ules 4n various PDP11 
(PD~11/05, 11/10, 11/35, 11/40) computers. If the ~roeessor in 
~ue8t10n, does not have BUS GRANT pull-ups on the CPU, Jumpers WI 
through W5 on t~e M9301, should be inserted or the M9301 sh ou1d be 
~os.tioned at the end on the UNIBUS furthest from the CPU, 
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".1 Overview 

Tne M9301 Bootstrap/Term4netor prese~t'Y come$ ;n five veria~;~Ms as 
descr;bed in t~e fol'ow;~g sections. Tab'e 2 summar 4zes the 
differences between eacn variation. 

EXTERNA~ BOOT SWITCH RESTART * YES YFS NO YES 

POWER UP REBOOT ENAB~E RESTART * YES yFS NO YES 

PROGRAMMERS CONSOLE STANDARD WITH * NO N~ YES YES 
COMPUTER 

READ ONLY MEMORV (ROM) NO YES YES YES YES 

SOCKETS SUPPLIED FOR PROGRAMMABLE YES NO N0 NO NO 
(ROM/PROM) 

BUS GRANT PULL-UP TERMINATOR RESISTER 
(WI THRU W5) Y~S NO N~ YES NO 

SWITCH SELECTABLE BOOTING * YES N~ YES NO 

STANDARD DEC BOOTSTRAPS AND MASSBUS DEVICE 800TS NO NO iES NO NO 

STANDARD DEC BOOTSTRAPS NO YES NO NO NO 

POP 11/7~ USER PROGRAM NO NO NO YES NO 

DDCMP USER PRGRAM NO NO ~, NO VES 

* INDICATES USEP SELECTABLE 

TABLE 2 

M9301 VARIATION FEATURES 
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Gener-.'I 
Nc~e of t~e following M9301 variations will function in a PDP11 system 
conta~n1ng a UNIBUS repeater, unless the M9301 is inserted 1n a 
term4nator position on the processor sfde of the repeater, 

M9301 ~ 0 - Can be used ;n any PDP11 computer that accepts en e~tended 
length terminator. The user defines the bootstrap or 
program available fn M9301 Rom space. 

~9301 - VA • Used in most PDP11/04, and 34 OEM mach~nes but is orogram 
compatible wH~ al' PDPll machi,.,es that will acCept an 
eMtended length terminator, Note however, that in other 
machines having CPUs which do not contain BUS GqA~T pull 
UP resistors, the M9301~YA must be placed at the end of 
the UNIBUS farthest from the CPU, 

M9301 • VB • Same as the M9301-YA except it ;5 intended for en~ user 
machines in t~e PDP11/04, and 3U. 

M9301 • VC • For use ;n only PDP11/7~ machines, 

M9301 • VO - Can be used in any POP11 machine, Caution s~oUld be 

U.2 M9301--0 

taken, however, when inserting the M9301 in some PDP!l 
computers, If the processor in Question does not have 
BUS GRANT pull~up resisters on the CPU, Jumpers ~1 thru 
W5 on M9301 should be inserted or, the M9301 s~oU'd be 
placed at the end of the UNIBUS furthest f~om the 
processor. (See Section 3,11), 

T~e M9301-0 ~as bee~ created as a universal bootstrap dev;ee which 
.1lows t~e user to proqram and ~nstall customized 512 • 4 ~4t ROMS. 
T~is module Version COmeS with four lb-pin Ie (;~tegrated circuit) 
soc~ets in place of the Roms normally inserted on ot~er module 
versions. For pinout and access time constraints on Roms used, 
eo~.u't the Rom Specification shown in the Append;~, When configur~ng 
Rom bit patterns for the M9301-0, care s~ou'd be taken to arr!n~e t~em 
to meet t~e address and data output pinouts on t~e modu'e. eSee 
lect to,., 3. un 

4,3 M9301-YA and M9301-VB Versions 

Two versions of the M9301 have been created for use in the ~DP 11/04, 
.~d 34, computers, One version, designated M9301-YA, fs for OEM 
(o~.g;na' equipment manufacturer) use and the other designated 
M9301-YB ;8 for end users, Both units contain basic CPU end memory 
GO.NO GO diagnostics along with specific sets of bootstrap prog~am8 a8 
shown in Table 3 and Table 4, 
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T~. only physIcal d~ffere"ce between the M9301-VA/M9301 u VB fflo~ulel and 
t~. Mq3~1.0 prev~ously descr~bed, 'S that specially progra~~ed Tr4 
St~te 512 x 4 bit ROMs are inserted 1n the four locations occvpied by 
lb e pin DIP soc~ets en the Mq301~0. 

4,3,2 M9301~VA and Mq3~1~Yb Program Memory Map 

T~ble 5 45 a program memory mao of the MQ301-VA andMq301~YB ~odules 
~nd br~e11y 1,sts the nature of each diagnostic test ;n the RaM~, 

TEST 1 ~ SINGLE OPERAND TEST 

TM;s test e~ecutes all single o~erand ,nstruct;ons using destination 
mode ~@ The bss;e objective is to verify that all s;ng'~ Operand 
~"$tructio"s operate, tt a1sD Drov~des a cursory c~eck ~n t~e 
(HH!ration of eacl'\ ;nstruci:;ol"lp while ensuring that tl'le CP!I "ieCDdes 
eac~ ~nstruct~on ;n the correct mal"lnere 

TEST 1 brings the test destinat~ol"\ register t~rough ~ta three POssible 
$t~teei zero, negat4ve, and pos~t~ve$ Eac~ 'nstructioM operates an 
tM~ reg;$ter contents ;n one of four ways: 

1 @ 0 i!i taw, , 1 bee ~ an 9 e d v; a ~ d; Fee top e I'" at; 0 n , ; 0 e ~ p; 1"\ c I" e ffl e FI t , 
C1t~;H" deel"emerd;, etc, 

2$ D~ta w;11 be ckanged via an indirect operatio~, 
aF~t~met;c ~~~fts, add carry# and subtract carrv@ 

3, Data w;1 1 be UMc~anged, but operated upon, via ~ d,reet 
operet~onp l~e~, clear a register already contani~g leFos® 

4~ Data wi11 be une~anged via a non~~odify~ng in9t~uct,on 
(TEST) ~ 

Note t~at WRen operat1ng UPO~ d~ta ,~ an ,nd;rect manner, tMe data ~s 
~ad4f~ed bV the state of t~e appropriate condition code$ A~tthmet4c 
s~1ft wt11 move t~. Me" bit ~"to or out of the dest'"atto~e This 
ap.r~ttan, when performed correctly, tna1 tea th~t t~e "C" bit Was set 
eorrectly by the pFeviow! 'nstruction m There are no ch.ck~ en the 
d~t~ ;ntegr,ty prior to the end of the test. However, a cheek 45 made 
o~ end tRe resu1t of the date ma~ipulation~ A correct result 4mpl1es 
tM~t $11 ~~struet,ons ma~ipu'ated (or, did not manipu1ate) tR@ ~ata ;~ 
tne correct W~y~ If t~e data .5 incorrect, tne program will ~a~g in a 
program 100p Unt;l t~e macMine is M~lted. 

TEST 2 ~ DOUBLE OPERAND@ ALL SOuRCE MODES~ 
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DESTINATION MODE 0 

This test ve~ifies all double o~erand gene~al and logica' 
~nstruct~o"~.each in one of tne seven modes (excludes mode 0'. T~U8, 
two o~erat;ons are cheeked t~e eor~ect decoding of eacM double o~erand 
instruction, and the co~rect o~eration of each addressing mode tor the 
source o~erand. 

Each instruction on tne test must operate correctly in order f~r tne 
ne.t instruction to operate, Tn;s inter-dependence ;s earrie~ througn 
to the 'ast instruction (bit test) where, only tnrough tne correct 
e~ecut;on of all previous instructions is a dat"a field e~am;ne~ for a 
specific bit configuration. Thus, eaeh instruct~on prior to tne last 
serves to set up tne pointer to the test data. 

Two checks on ;nst~uction operation are made in TEST 2, One cheek, a 
branCh on condition, is made following the compare instruction, while 
the second ;s made as tne 'ast instruction in the test seQuence. 

Since tne GO-NO GO test resides ;n a ROM memory, all data manipulation 
(modification) must be performed in dest;nat;on mode 0 rreg;ster 
eo"tains data), T~e data and addressi~g cOMstants used by TEST 2, are 
contained w;th;n tne ROM, 

It .s important to note that two different types of o~erat;OM! must 
e~ecute correctly in order for this test to opeatel 

1 • T~oBe instructions that paritc;pate ~n computing t~e fine' 
address of the data mask for tne f;na' bit test ;nstruet;on. 

2, Those instructions that manipulate tne test data within the 
register to generate the e~peeted bit pattern, 

Detection of an er~or within this test results in a prog~am 'ooo! 

TEST 3 • JUM~ TEST MODES 1, 2, AND 3 

The ou~~ose of this test 's to ensure correct operation of the Jump 
~nstruct;on. T~is test is constructed such that only a Ju~P to the 
•• oected instruction w4" provide t~e correct pointer for th~ ne~t 
instruction, 

There are two possible failure modes that can occur in tnis testa 

The 
may 
Jum~ 
the 

1. The Jump addressing circuitry wi" malfunction c~u'tng a 
transfer of e~ecut;on to an incorrect instruction se~uence or 
non-eM;stent memory. 

2. The Jump addressing circuitry wi" malfunction in suen a way 
as to cause the CPU to loo~, 

latter case ;s a log;cal error indicator, The former, ~owever, 
manifest itself as an after-the fact error, For eMample, if the 
causes control to be given to other routines within tne MQ301, 
inter-dependent instruction seQuences would probably Cause a 
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failure to eventually occur, In any ease, t~e faflin9 of tne Ju~P 
i,.,structio,., w;ll eventually cause an out of sequence or "1110g;cal 
eve,.,t~ to occur, Tnis;n ;tself fs a meaningful ~ndieator of a 
malfunetion',.,g CPU. 

T~is test contains a JUMP, MODE 2, Th;s instruction ;s not comoatible 
across the PDP-11 'ine. However, it wi', operate on a,.,v ~DP-l1, 
withi,., this test, due to the unique programming of the in9t~uctio", 
with4,., TEST 3. Before illustrating t~e operation, ;t ;s imp~rta,.,t to 
understand the difference of th~ JUMP MODE 2 between ~achines. 

On the PDP-11/20, 11/05, and 11/10 processor, for the Jump Mo~e 2 CJMP 
(R)+) the register (R) ;s ;ncreme,.,ted by 2 prior to execution of the 
JUmc, 0,., the PDP.11/40 and 11/35. (R);s used as the Ju~P ~ddress 
and ,ncremented by 2 after e.ecut;on of the Ju~P. 

In order to avoid this ;ncompatab;';ty, the 
with CR) po;,.,t'ng back on the JumP itself, 
crocessors, e.ecut;on of the instruction 
4,.,ereme,.,ted to p04nt to the following 
co,.,t4"nu;ng a normal execution seQuence, 

Jump (R)+ ;s p~o~rammed 

On 11/2fZJ, 11/05, an1 11/10 
would cause (R~ to be 
;nstructio~, effectively 

On tne PDP-11/40 and 11/35 processors, the use of t~e ;n;t;al v~lue of 
(R) will cause t~e Jump to "1000" back on itself. However, correct 
o~eret~o~ of the auto-;~crement will move (R) to point to th~ next 
instruction following t~e ~n;tial Jump, The Jump will then be 
e~eeuted again, However, the destination address will be t~e next 
;~struct;OM in sequence, 

TEST 4 - SINGLE OPEAND, NON-MODIFYING, BYTE TEST 

T~is test focuses on then one unique single operand ;nstruc~ioM, the 
TST. TST ;s a special case ;n the CPU execution flow since it ;s a 
~o~-~od;fy.ng operation~ TEST 4 also tests the byte operat~oM Of t~is 
4 ~ s t rue t i 01"1 , The T 5 T Bin s t rue t i 01"\ \0/ ; , 1 bee x e cut e din ,~ 0 del 
(reg~ster deferred) and Mode 2 (register deferr~d, auto incre~eMt), 

T~e T5T8 ;s programmed to operate on data which has a negative value 
most significant byte and a zero Cnot negative) least s;~n;f;cant 
byte, 

In order for this test to operate properly, the T5TB on the LS8 must, 
first, be able to access tne even addressed L5B, then set the prooer 
condition codes, The T5T6 ;s then re-executed with the auto·i"orement 
facil;ty, After t~e auto-increment, the addressing register ~hould be 
~o;Mt;ng to the MS8 of the test data, Another T5T8 is executed OM 
what should be tne MSB, The "N" bit of the condition codes should be 
set by t~;s operation, 

Correct execution of the last T51B ;mpl;es that the auto-increment 
reeoQM;zed that a byte operat~on was request, therebY OM'V 
4ncre~ent;ng t~e address iM the register by one, rat~er than two. If 
t~e correct condition code was not set by the associated T5T8 
4,.,struct;on, the p~ogram will 'oop, 
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TEST 5 • DOUBLE-OPERAND, NON-MODIFYING TEST 

T~e.e a~e two non-mod,fy.ng double-operand instructions - the Compare 
(CMP) end bit test (BIT). These two instructions operate on test data 
,n lource modes 1 and ~, and destination ~ode8 2 and 4, 

T~e BIT and CMP instructions wil' operate on data consisting of al' 
ones (177777), Two separate fields of ones are used in o~der t~ 
utiliZe t~e compere instructions, and to provide a fie1d larg& enoUgM 
to handle the auto-incrementing of the addressing register, ~i~ce the 
compare .nstruction is e~ecuted on two fieldS containing the same 
data, the eMPected result is a true ~Z" bit, indicating e~ua14ty. 

The BIT instruction will use a mas~ argument of al' ones ega;nst 
another f'eld of all ones~ The eMPected result .s a n~n·zero 
eond~tion (Z), 

Most failures wi" result in a one instruction loop. 

4,3,2,3 Register Disp'ay Routine. The register display rout'ne 
prints out the octa' contents of tMe CPU reg4sters RO, R4, SP and old 
PC on the console terminal, Th4s seQuence wi" be followed by a 
prompt character (5) on the neMt line, 

EMamp1e of a typica' printout. 

xxxxxxx xxxxxx xxx xxx XXXXXX 
$ 

Prom~t R0 
Character 

R& 01d PC ~rogram Co~nter 
(Stack 
Poi~ter) 

1. Whe~e X signif'es an octal number (0-7), 

Wnenever there is a power UP routine or t~e BOOT 
released on PDP11/04 and POP11/34 machines, the 
t4me wi11 be stored fn RS. The conte~t. of R5 
printed as the OLD PC shown in the example. 

SWITCH 41 
PC at this 
!re then 

The prompting cnaracter string fndicates th~t diagnostics 
have been run and the processor fsoperat;ng, 

TEST b - DOUBLE OPER.ND, MODIFYING, BYTE TEST 

T~e objective of this test fs to verify that the 
modffYing instructions wi11 operate 1n t~e byte mode, 
three aub~testSI 

double-ooerlnd, 
TEST b eOntlins 

1. Test source mode 2, dest4natfon mode 1, odd end even bytes, 
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3. Test source mode 0, desti~at;on mode 3, eve~ byte. 

T~e move byte (MOVe), bit clear byte CBICB), and bit set byte (BIS6) 
a~e used w;t~;n TEST 6 to verify the opeation of t~e ~0~;fy1nq 
doub1e·o~era~d functions. 

Sinee mOd;fyi~g instructions are under test, memory must be use 1 as a 
destination for the test data. TEST 6 uses locatton 50~C~) as a 
dest.~at;on address, Later, ~n TEST 7 and t~e Memory Test, location 
500 is used as t~e first available storage for tMe stack. 

Note t~at, s;~ce TEST 6 fs a byte test, locat.on 50~(8) implies that 
bot~ 500(8) and 501 are used for the bytes test (even a~d odd, 
respectively, Thus, in t~e word of data at 50~ add and even bytes are 
caused to be al, zeroes and a" ones t~roughout the test, Eaeh byte .1 mod~f;ed independently of the ot~er, 

TEST 7 - JSR TEST 

The JSR 's the first test in the GO-NO GO seQuence that utilizes t~e 
stack. The Jump Subroutine command CJSR ;s e~ecuted in modes 1 and b, 
After t"e JSR is e~ecuted, the subroutine which was given control, 
wi" exam,ne the stack to ensure t~at t~e correct data was placed ,~ t 
correct stack location (500(8)). T~e rout~ne w~" also eMs~re that 
t~e line back regfster Do~nts to the correct address. A~y errors 
detected in this test w.ll result in a Halt, 

TEST 8 • MEMORV TEST 

Alt"oug~ t~;s test is inte~ded to test bot~ core and MOS memories, the 
data patterns used are designed to e~h;b;t the most ta~i~9 operat;o~ 
fo~ MOS, Before the details of t~e test are described, it' would be 
appropr~ate to discuss the assumptions placed upon the failure modes 
of tMe MOS technology, 

TM1s test ;s intended to check for two types of prob1ems that may 
arise 4n the memory. 

1. Solid E'eme~t or Sense Amo failures. 

2. Addressing M.lfu~ctions e~ternal to the chip, 

The simplest failure to detect ,s a so1id read or write probl~m. If a 
cell fails to ~old the appropriate data, it ;s exp~cted t~at the 
Memory Test w;ll easily detect this oroblem, In add.tion, tM~ Orogram 
attempts to saturate a chip ;n such a way as to cause margine l sense 
amp operation to manifest itself as a loss or pick-up of u"e~pected 
dat., TMe 4K ~ 1 Chip use~ in tMe memory consists of e 64 x ~4 matrix 
of MOS storage elements, Each 64 bit section is tied to ~ common 
seMse 8mplif~er. The objective of the program ;s to saturate t~e 
section w~th, at f~rst al1 zeroes 8"d one "1" bit~ T~is "1" bft 4s 
t~e" floated through tMe chip, At the end, the data ;s complemented, 
8"d the test repeated, 

For exter"al addressing fa4lures, ~t is assumed that if two or more 
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'ocat~oMs are selected at t~e sa~e t~me, and a write occurs, it ;s 
'~k.'Y that both 10cat~0"S will assume t~e correct state, ThYs, prior 
to writf"9 any test data, t~e background data ;s cheeked to ensure 
that t~ere was MO crosstalk between any two locations, All failures 
w41' result in a program halt as do failures in tests 6 and 1, After 
t~e "alt, it ;s expected that the operator wi', depress the BOOT 
switch caus~ng R0 (Expeeted Data), R4 (Received Data), SP (1841;n9 
Address), and PC (PC indicating me~ory failure) to be displayed. 

NOTE 

If t~e exoected and received data are 
the same, ;t ;s highly probable that an 
intermittent failure has been detected 
(i,e, timing or margin problem), The 
reason the expected and received data 
can be ident;ca' is that the test 
program re-reads the failing address 
after the ~n'tial non-compare ;s 
detected, Thus, a failure at CPU speed 
is deteted, and indicated by the reading 
of the fai'1l'lg address on a s;ngle 
reference (not at speed) operation. 

4.3,2,4 Bootstrap Programs Supported by tne MQ301- vA and 
M9301~YB - Peripheral devices wMose bootstraps are supported by the 
M9301-VA a~d MQ301-YB are listed in TABLE 3 and TABLE~. E8cn of 
t~ese bootstraps is compatible w1tM standard DEC boots and ooerate as 
follows, 

4,3.2.4,1 RX11 DISKETTE - Loads the first 64 words (200 bytes) of 
data from track one, sector One 4nto memory location 0 -177 be~1nn,ng 
at location 0, Once loaded tne contents of location 0 ~s cheeked. If 
~t contains 240, operation is transferred to the routine beg i nn fl'l9 4n 
1ocat4on 0, If location 0 does not contain 240, tMe boot 4s 
restarted. Restarts will occur 2000 times before tMe mae~;ne ;s 
"Ilted auto",atfcally. 

4,3,2.4,2 TAll CASSETTE - T~;I bootstrap fs identical to tMat of tMe 
RXll e~cept tMet data is loaded from the cassette beg;nn;~g at t~e 
second bloek, 

4.3,2,4.3 PC11 PAPER TAPE READER - Loads an Absolute Loader fo~matted 
tape into t~e upper ",emOry locations XXX746 to XXX777 (XXX 4s 
dependent on memory size), Onee loading fs completed, the boot 
transfers operetion to a routine beginning at location XX~7S2. In 
systems conta;n;ng an MQ301-VA which is set UP not to run d;ag~ost;cs 
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TEST 1 thru TEST 5, xxx w;ll beco~e 017 not the uoper oart of ~emory. 

4,3,2,4,4 ~ DIS~S (exclud~"g RX11) • Load 1~00 words (2000 hytes) of 
data from the dis( ;nto ~e~orY locat!ons 0-1776. 

4,3,2,4.5 MAGTAPE - TM11 
s4ze) from t~e magtape 
second record (2000 bytes 
'ocations 0-1777. 

- Loads second record (1000 bytes ~aMimu~ 
into ~emory location 0.777, TJU16 - Load 
maximum size) from magtape into memory 

4,3,2,4.0 CONSOLE EMULATOR • ~hen t~;s routine is used in co~JUnct;on 
wit~ the user's terminal, fUnctions quite similar to those f~und on 
the orogrammer's console of traditional PDP11 family computers are 
generated, as shown in the summary below, The descr,pt;~n of the 
o~erat;on that follows assumes that the user's ~9301 module ;s 
eonfigurated to enter the console emulator rout.ne CDlo switch 
settings for emUlator are shown in TABLE(3) on POWER UP or w~enever 
the BOOT switch ;s depressed. 

LOAD -

EXAMINE -

OEPOSIT -

START -

BOOT -

A SUMMAR V OF THE CONSOLE EMULATOR FUNCTIONS 

This function loads the address to be man;oulate1 into 
the system 

Allows the operator to examine the contents of the 
address that was loaded and or depos;ted, 

Allows t~e ooeretor to write into t~e address that was 
loaded and/or eKamined 

Init1a'.zes tMe system and starts execut;on of tne 
program at the address loaded 

Allows the booting of a specified device by typ1~g 4~ a 
two character code and unit number~ 

Console Emulator Operation 

T~e cOMsole emulator ~l'ows the user to perform load, examine, 
deoosft, start, and boot ooerat;ons by tYO;~g ;n appropriate code on 
t"e keyboard, T"e combinat;on of the co~sole emulator rout;n~ and t~e 
keyboard wi" be referred to as "The Console ~mu'ator". 
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T~e simpl4fied ooe~ator~s flow c~art of the console emulator routine 
(which will be ~e1erred to as t~e Operator-s Flow CMart) is orese"ted 
.t this point ~n the te~t, to give the reader a u";11ed pictu~e of the 
co"sole emulator routine. 

Oeta~ledd4scussions of each aspect of the cha~t are presented in 
Sections i" t~e following oa~agraph8. 

Svmbols 

Recta,.,g'e 

Recte,.,gles indicate automatic operations which are performed by the 
machine. There;s only one entrance and one e~;t on e rectanq,e. 

Diamond 

A diamond indicates an automatic operation which can take e;t~er of 
two paths depending on how the question stated w;t~;n the d;a~ond ;s 
answered. 

C i ~c 1 e 

A circle indicates operator action, and the moving of a sw;tc~ or the 
typing of leeys. 



SIMPLlFIEO OPERATOR'S FLOWCHART OF THE CONSOLE EMULATOR ROUTINE 

1. THE ROUTINE IS ENTERED ON POWER UP OR WHEN THE BOOT SWITCH 
IS DEPRESSED (IN STANDARD M9301 CONFIGURATIONS) OR UPON THE ___ _ 
RETURN OF AC POWER (AFTER AN INTERRUPTION OF AC POWER) 

2. A DIAGNOSTIC l.OCATED ON THE M9l01 TESTS BASIC CPU OPERATION ______ _ 

3. IF THE DIAGNOSTIC IS PASSED, THE SYSTEM TERMINAL WILL PRINT _____ _ 
OUT FOUR, SIX DIGIT NUMBERS 

4. THE SYSTEM IS NOW WAITING FOR THE OPERATOR TO ENTER 
INFORMATION FROM THE KEYBOARD 

5. THE OPERATOR ENTERS A CODE (DESCRIBED IN THIS SECTION) 
WHICH WILL LOAD AN ADDRESS OR EXAMINE IA PREVIOUSLY LOADED 
ADDRESS) OR DEPOSIT (INTO A PAEVIOUSL V LOADED ADDRESS), OR 
START tAT A PREVIOUSLY LOADED ADDRESS} OR BOOT A SELECTED 
PERIPHERAL 

6_ THE FIRSTTWD INPUT CHARACTERS ARE VERIFIED AS BEING A 
KNOWN COMBINATION 

7. IF THE KEY COMBINATION INDICATED A START, THE START WILL BE 
IMPLEMENTED NOW, AT THE PREVIOUSLY LOADED ADDRESS. NOTE THAT . - - - -
START WILL EXIT FROM THIS ROUTINE; TO ENTER AGAIN, THE OPERATOR 
MUST BOOT 

B. IFTHE KEY COMBINATION WAS AN EXAMINE,THEPREVIOUSLY LOADED _____ _ 

ADDRESS, WITH ITS CONTENTS WILL BE PRINTED ON THE SYSTEM 
TERMINAL 

9. IF THE CODE WAS NOT AN EXAMINE OR START, THE CONSOLE 
EMULATOR JUMPS TO LOAD OR DEPOSIT OR BOOT 

LOAD 
SEQUENCE 

10. SEQUENCE IS 

ENTERED 

11. ADDRESS IS ENTERED 
MOST SIGNIFICANT 
DIGIT IS FIRST 

DEPOSIT BOOT 
SEQUENCE SEQUENCE 

seQUENCE IS SEQUENCE IS 
ENTERED ENTERED 

DATA TO BE DEPOSITED UNIT NUMBER IS 
IS ENTERED, MOST ENTERED, DEfAULT 
SIGNIFICANT DIGIT NUMBER IS ZERO 
FIRST 

12. A CHECK IS MAOE TO INSURE THAT THE NUMBER WHICH WAS ENTERED 

13. 

14. 

15. 

16. 

WAS AN OCTAL NUMBER 0-7; IF IT ISN'T,AS IS PRINTEO SIGNIFYING AN - -
ERROR. 

ENTERING (CR) 
SIGNIFIES THE END 
OF THE LOAD 
SEQUENCE 

ADDRESS IS LOADED 
INTO AN INTERNAL 
REGISTER AND $ IS 
PRINTED SIGNIFYING 
SYSTEM IS READY 
FOR NEXT KEYBOARD 
INPUT 

TEST TO SEE IF THE ENTERING (CR} 
COMBINATION INPUT, SIGNIFIES THAT THE 

IMMEDIATELY PRE- OPERATOR WISHES TO 

CEDING THIS ONE BOOT NOW 
WAS A DEPOSIT 

IF PREVIOUS OPERA- PRIOR TO BOOTING, A 
TION WAS A DEPOSIT. MEMORY DIAGNOSTIC 
ADDRESS WILL IS RUN; IF IT FAILS, 
INCREMENT RUN LIGHT REMAINS 

ON AND PERIPHERAL 
IS NOT BOOTED 

(CR) INDICATES THAT IF MEMORY DIAGNOSTIC 
THE OPERATOR WISHES PASSED, THE DEVICE IS 
TO DEPOSIT - NOW NOW BOOTED 

DATA IS DEPOSITED 
FOLLOWED BY A $ 
PRINTOUT,SIGNIFYING 
THE SYSTEM IS READY 
FOR THE NeXT KEY· 
BOARD INPUT 

MACHINE EXITS FROM 
THE CONSOLE 
EMULATOR; TO RE
ENTER THE OPERATOR 
MUST DEPRESS THE 
BOOT/INIT SWITCH 

LOAD OR DEPOSIT OR BOOT 

itCR = CARRIAGE RETURN KEY 

(FOR STANDARD M9301 CONFIGURATIONS) 

INCREMENT 
ADDRESS 

PRINT 
ADDRESS AND 
CONTENTS 

11 - 3283 



D"ce the system ~as been powered UP or boated, and R~. Ra, SP, PC and 
$ ~~ve bee~ pr;nted, the conso1e emulator rout4ne can be uled, 

Scace Bar (59) 

~eybo8rd Input Format: Load ~ E~arnine deoosit staFt~ All eh~r~cter 
keye ShOWM ;~ the fol1ow~~g discussion represent themselves with tMe 
e~ception of t~ose fn parenthes,s~ 

FUNCTION KEYBOARD STROKES 

I.. (SB) 00 00 no 00 00 no (CR' 

E (S B) 

D (58) 00 00 00 no 00 00 (eFn 

5 (SR) 

OFde~ of Significance 01 ln~ut Keys 

TMe first character that fs typed will be the moat s.gR;f~eaRt 
eMaF8eter~ Conversely@ t~e 1ast c~araeter that is typed ~s the les$t 
s~gn'f~cant CM&racter, 

WMen an eddFes~ or data word cORt~ins 1ead~ng zeroe, tMese zerO$ can 
be om1tted when 'oad~ng t~e address or depoe~t4ng the data. 
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1, Turl'l 01'1 power 

2_ Load address 7130 

3. Exa",;ne 10cat~ol'l 7eJ0 

". Deposit 777 ;nto locat;ol"l 700 

5_ EX81!1ine location 700 

b, Start at 10cat40n 700 

USER TERMINAL DISPLAY 

1 • TURNS ON PowER )(XXXXx xxxxxx XX)(XXX xxx xxx 

2. 1.(58) 700 (CR) $ L700 

3, EeSB) $ E 0~HH00 XXXXXX 

'I. DeSS) 777(CR) $ 0 777 

5, E(SB) $ E 000700 000777 

b. SeeR) $ 5 

Even Addresses Ol'lly 

T~e console e~ulator routi~e wi" not work with odd addresseg, Even 
"u~bered addresses must always be used, 

Successive Operat~ons 

Successive e~a",il"le operat;ol"l! are oerl!litted. The address ;s 'oaded 
for t~e first e~e",;ne OI"l'Y. Successive e)(amil'l~s cause t~e e~dl"ess to 
;l'Icremel'lt and will display consecutive addresses along with their 
eOl"ltents_ 

Operator INPUT 

1..(5B 500 CR 

ECSB) 

Termi",a1 DISPL.AV 

L. 500 

$E 000500 XXXXXX 



Deposit 

E(SB) 

E(SB) 

ECSS) 

SE 000502 XXXXXX 

SE 000504 XXXXXX 

!E 000506 XXXXXX 
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Success~ve deposit operations are permitted, 
identica' to tnat used wfth e~am;ne. 

The ,:>rocedul'le • s 

E uuno 1 e of Successive Deoosit Operations 

Cepos it 60 into Locat;on 500 
2 into Location 502 
4 into Locatio,", 504 

Ooeratol" Input Terminal Dis,:>'ay 

LCSe 500 CR $L 500 

DeSB) 60 CR $0 ol'l 

0(58) 2 CR $0 1 
DeSB) 4 CR $0 4 

Tni. mode of ooeration w;" not increment the address, 
will contain tne laat data w~;ch was deposfted, 

E.ample of Alternate Deoosft • Exam;ne Operations 

Tlole Addl"ess 

Load address 500, deposit the fo1lowing numbers with e~amfnes efter 
.y.~y d.,:>osit 1000,2000,5420, 

Operator Input Term;""a1 Oisp'ay 

LeSB) 500 (CR' 51.. 500 

0(S6) 1000 (CR) $0 1..000 

E(SB) SE 000500 001000 

DeSB) 20130 (CR) SO 2000 

E(SB) SE 000500 002000 

O(SB) 5420 (CR) $0 5420 

E(SB) $E 000500 005420 
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Alternate Ewam;ne • Deposit Operations 

If an e_am;ne ;s t~e ~i~st i~st~uction after a 10ad se~uence, ~nd 1s 
alternately followed by deposits and exa~'nes, the add~ess wil' not be 
incremented, and t~e address will contain the last data w~iC~ was 
de~osited. CT~e above examole apolies to this operation, w.t~ t~e 
exception of t~e o~der of examine and deposit, the end result ;s the 
same), 

Tne M9301 console emulator routine can di~ectly manipulate t~e lower 
28K of memory and tne ijK 1/0 oage. See section 5. for an exol!nation 
of techn;~ues re~u;red to access addresses above tne lower 28~. 

Boot;n~ From Tne Keyboard 

Once the $ symbol ~as been displayed in response to syst~m power 
eom,ng up, or t~e boot sw;tc~ being deoressed, the system ;s ready to 
load a bootstrap from the device wh;c~ the ooerator selects, 

Console Emulator Boot ~rocedures 

1. Find the two c~aracter boot command code on either Table 3 or 
Table 4, t~at correspo~ds to the ~eripheral to be booted. 

2. Load papertape, magtape, d4sc, etc, into t~e per;phe~al to 
be booted if reQuired, 

3. Verify that tne peric~eral indicators signify t~~t tne 
peripheral ;s ready (if applicable). 

4, Type two character code obtained from the table. 

5, If there ;s more than one unit of a given perioheral, tyee 
the unit number to be booted (0 - 1) if ~o number is typed, 
the default number will be 0, 

A1ways Remember: 

1. Tne medium (Paper tape, disc, magtape, cassette, ete,' must 
be claced in the peripheral to be booted pr;or to booting, 

2, The mac~;ne wil' not be under the co~trol of the eonsole 
emu'~tor routine after booting, 

3.. The program which ;s booted in must: 
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1) be self start~ng or 2) allow t~e user to load anot~er 
p~ogram by using t~e CONT function or 3) be erestartable 
after t~e console e~u'ator ~s reca"ed. 

3. Actuating the boot switch wi" a'ways abort t~e progra~ being 
I" 10m , n,e contents of t~e genera' reg~ sters (R0-R7) 10/111 be 
destroyed, T~e~e is no way to continue with the ~rogra~ 
which was aborted. Some program are designed to be 
rester-table. 

Exameler Booting the Hig~ Seeed Reader Using The 

Conso'e Emulatol" 

An operator w1s~es to load t~e CPU Diagnostic for an 11/39 
co~eute" system, The system ~as a hig~ speed reader. 

Procedurel 

1. Place the HALT/CONT switch ;n the CONT positton, 

2. Obtein a Sbyt 

a, Turning on system e~wer 

b, Actuating the boot. 

(R0, R4, sp, and PC will be pl";nted er40r to tl'le ,.) 

3. Place the absolute loader paper taoe (coded leader section) 
in t~e high speed reader .. 

PR (CR) 

T"'e absolute 'oader tape w111 be loaded, and the macl'l4 ne wi" h.' t. 
5. Remove the absolute loader and p'ace the 'eader Of the 

program, An t~is eese a CPU Diagnost;c, in the reader. 

6. Move t~e HALT/CONT switch to HALT and then return it te CONTi 
The diagnostic wi11 be 'oaded and t~e machi~e wi'l halt 
(norma' 101" thiS programming, non-diagnostic progre~s could 
be self star~~ng). 

7. If ~rogram is not self start;Mg activate the ~OOT/INIT 
sw~teh, t~is wi" restart the console emulator routine. 

8. Using the console emu'ator, de~osit 
the Software Switch Register (8 
See the d~agnostic for the software 
location and s~gnificance.) 

desired functionS into 
me~ory address) 'oeation. 
switch register's actual 



Page 39 

9, US;~g t"e console emulator, load t~e starting address, and 
start t~e program as described earlier in th~s section, 

E_ample of Booting A Disc Using the Console Emulator 

• user wis~es to boot the system's RK11 Disk, which contains t~e CPU 
04agnost1c which the user wants to run. 

Procedurel 

1. Verify the the HALT/CONT switch is in the CONT posft;~n and 
t~e write lock switch on the RK11 per;phera' is ~n the O~ 
pOSition, 

2, The user turns on system power. T~e system terminal displays 
Re, R4, SP and PC Which are ra~do~ binary numbers. F~llowed 
by a $ on the newt line, 

3. The user placed the disk pack into drive zero, 

U. When the RK~S load light appears, the system ;s ready to be 
booted. 

5. The user type in: D~ CCR) 

Th;s causes the loading of the bootstrap routine into memory 
and the execution of that routine, 

b. The program should identify itself and initiate a dialogue 
(which won·t be discussed here), 

CONSOLE EMULATOR 

T~e following discussion wi" describe the effects of e~ter;ng 
i~formatio~ incorrectlY to tMe co~sole emulator ~out;ne. 

Symbols 

Space Bar - CSR) 

Carriage Return Key • CCR) 

Any Octal Number (0 • 7) Key (X) 

Non-Octal Number (8 or 9) keys (9) 

(V) • Represents. 

i. Al' Keys (ot~er than numerics whiCh are unknown, 



2~ K@ys which are know" but do "at con_4tute a valtd code tn the 
co~te~t wn;eh t~ev are entered~ 

Refer to PFev.ous sections for a discu6sion of tne correct metMod 
oper~tlng eRe eo~so1e emulator routine l 

ESCAPE ROUTE 

Jf an e~try has not been completed and the user real~les tMat an 
~Meorreet or unwanted character has been entered, depress the rub out 
or delete key, T~is aet40n wi'l void the entire entry ~"d a'10w the 
u~er to try again. 



ERROR 

L wss followed bV 8 key ot~er 
HII!!'" (56) 

AM illegal 'non oetal) number 
ce or 9) Is typed atter the 
eoprect loed entrancep w1t~in 
an otlgerwlse vaHd nl,lmber. 

An incorrect alpha key ;s 
typed after the correct load 
entrance within an otherwise 
lIelid Rl,lmbel". 

The moet significant octal 
"\,IMber in a $1~ bit address 
is greater than one. 

An IJRwanted byte legal octal 
number ;$ loaded. 

A", e~tra (seventh) octal 
Mymber ; s typed. 

A memory location higher 
tM!" the ~igMest memory 
loeetlon ~1I.11eble in 
the macn;n@ is loaded~ 

ko~d entFa~ee snd ny~ber 
were entered correctly, 
CCR) w~®n'~ entered. 

E Dr S Is fallowed by 
s key ot~eF tM~n spae~. 

DEPOSIT ERROR 

RESULT 

TermInal display w;11 
immediately return & $ 
to ~;gnify an unknown 
code. No address ;s 
loaded. 

Upon receipt of the 
illegal number, ti-le 
console wll' ignore 
tMe entire address 
<lFld Feturn a $. 

Same as illegal no. 

An oIlddreu wi 11 be 
loaded, however, the 
state of the most slgm 
nif~cant address bit 
will be determined by 
bit 15 only: 

2 ::: 0 3 ::: 4 ::: 0 

5"16:::07;: 

Address will be loaded, 
but ul'lci'laf'lged. 

RE'~Er,V 

Trv again. 

Trv again. 

Try agaIn. 

Tr\l sQa;n if 
re':luired. 

Trv €IgaiA. 

The loaded number will Trvagaif'l. 
be incorrect. Tna sysm 
tem will accept af'lY size 
word but wi 11 of'll If Fe .. 
member the last six 
ci'laracters typed iA. 

NO errars will result Trv ~gain. 
unless a deposit, exw 
amif'le, OF start 45 
~ttempted. 

Mschtna will walt In- Tyoe (CR) 
dBfln~t.ly for [CR) 
$ will not b. returned. 

TarmlAal display will Trv ~galn. 
Immediately return a I 
to e09n1fy an unkf'lowf'I 
co 

USEFUL EXAMPLES 

OPERATOR 

UY) 

l.(SB)XXX9 

leSS) XXXX 

S(SS) bXXXXXX 

LC SB) 1XXXXXX 

L( 513) 1 XXXX 
(eR) 

LCSB) XXXXX 
(CR) 

E (n or 
sex l 

TE.RMINAL 

$L 
$ 
$ 

$LXXX 
$ 

$l xxx 
$ 

$L 0XXX 
!Ii 

$L !XXX 
$ 

Actually 
Load 
1XXXXX)(X 

L lXXXXX 

$1. )0000< 
$XXX(CR) 

$E 
:::$ or 
$5 
$ 
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Ex.mine or sta~t is at
tem~ted to a ~emory lo
cation w~fc~ is higher 
t~an t~e highest available 
memory locetion in the 
~ac~4ne IIO page can be 
e~.mined) or an odd memory 
loeation~ 

Examine is perfo~~ed with~ 
out loading an address 
~rior to first ewe~1ne. 

Start i. performed wit~out 
'oading an address prior 
to starting, 

o was followed by a key 
other then space. 

Deposit is attempted to 
a me~ory 10cat;on which 
.s higher than the highest 
available memory location 
in t~e machine (with the 
exception of t~e 1/0 page), 

DeposIt is performed with
out 'oadin~ an address or 
knowing what address has 
been previously loaded. 

Deposit 1s attempted into 
aM odd address. 

The system w; 11 hang u" 
when (5B) is executed. 

Deoress tl"le 
boot switch, 

ECSB) or 
SeSS) 

Exam;ne of an unknown Trv again or 
address will be per- boot if SYS-
formed. It ;s possible te~ hangs up, 
to access an address which 
doesn't eM1st, Tl"le system 
may nangup in e program 
1000. 

Start at an unknown 
location wil' occur, 

Terminal displav wil, 
immediate'Y return a $ 
to signify an unknown 
code. 

T~e svstem w; " totang UP 
when (SS) is ewecuted. 

a, Data wll' be written 
over and lost, 

Re'o~d progra'" 
an!"f try again, 

Try aga;n, 

ActiVate ti'le 
bOl!lt switch to 
rebo"t the 
system. 

a, r"'".,ed1 ate! y 
fo',owing the 
erl"or, perform 

D)Y) 

an ewam;ne to 
detel"m;I"Ie the 
aCCeSs which was 
deoosited into. 
Restore original 
contents if known, 

b. Machine might ~and UP b, Reboot maChine. 
;M a prograll'l loop, 

The system wi' I totang up 
when (CR) is eMecuted, 

De~ress ti'le boot 
sw1tctot. 

SE 01" 
SS 

$D 
$ 
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U~3~2~5 P~ogram Flow of M9301-YA and N9301 e Y8 p Figure 12 an 4 F,gure 
13 !Mow tne progra~ flows for tMe M9301-VA and M9301 q VB resp~ctlvelY. 
Note tkat entry peints SFe dependent on the switcM settj~gs 51.! t~ru 
Sl-l~ on the M9301 module. Adaresses wh1c~ must be generete~ for the 
various devices are snown next to each entry. 

A~ a un;versa1 bootstrao/terminator module, the M93~1-VA and M9301~Y8 
can be adapted by the user to meet a variety of boot require~e~t5 and 
system conf~qurattons. Major factors that must be considered dUF~ng 
.nstal1atlol"i are as follows, 

4~3;3.1 Power UP Reboot E~able • Automatic booting on all p~WeF UPS 
CSA be enabled or disabled using the PowER UP REBOOT ENAR s~itch 
((51-2). If this DIP swttch 49 set to the "OfF" posit4o~, the 
PFocesSoF w~" power UP normally obtaining a new PC frnm memory 
10cattan 2Q(8l and a new P5~ from location 26(8), When the s~ltch Is 
let t~e "ON" pos~t1onp the processor wil' obtain its new PC from 
location 17302Q(8) W~;ch happens to be the address of the BOOr SELECT 
sw;tches Sl~3 tMru 51-10. 

T~e funct~on performed by the REBOOT ENABLE sw4tch (51-2) Can be 
remoted to en external sw4tch using the FAST-ON tabs on th~ M9301 
MODULE. THIS EXTERNAL SWITCH CLOSURE SHOULD BE MADE Tn GROUND 
(ENABLING BOOTl USING FAST ON tab TP3 as a grou~d return~ I~ the PDP 
11/~Q, AND 34, w~e" MOS memory Is present w4t~ battery bac~up, a 
battery status 4ndlcation s~gnal is generated by the POW8 P Supply, 
T~ts eigne! $~ou1d be attac~ed to the POWER UP REBOOT E~AB tn~ut CTP2l 
an t~e M9301~ If this status s~gnal gees low, the contents of the MOS 
fflEHnOFY is 1"10 longer val;d e1F'1d must be reloaded@ wsualiY from §O"'~ ma5§ 

~torage de\l;ce~ T~e M9301, sel"lsing the status Of the memory f~rces a 
boo~ 01"\ powel"' up, al10w;l'1g new data' to be wrHter; ;~to mEHflory~ 

If t~e batteFY status ~nput is ~tg~ (logic "1"). the 1'>19301 \,)1'1 not 
~utoliHH1cilll1y boot OF! power IJPp and e)(~cut!on win begin at the 
address $pec~f;ed by location 24. 

4 @ :3 • :; ; 2 L a \-Ii ROM E Fl a b 1 e '" T h ; s DIP s w ; t c h S 1 '" 1) \PJ h €I 1"1 set tot'" e 01 0 F F II 
positton prevents th~. M9301 fra~ responding to the UNIBU~ ~ddrea! 
range 76500 thru 756777. OF! both t~e M9301~VA and M9301 m YB, tMts 
address space is occupied by the DISKETTE (RX11) and CASSETiE (TAll) 
bootstr8Ps~ 

~~3t3~3 Boot Switch Selection ~ To select which device boot wii1 be 
FU~' O~ power~ups and e~ternal boot enables, eight DIP sw;tcheq (Sl~3 
t~ru 51 00 10) aFe provided on both the M9301~VA lAd M9301~VB~ Actual 



ON-OFF Se1ect;oM o~ eae~ sw;ten for the various devices are ~kow~ in 
TABLE 3Q 

4,3,3@U E~ternal Boot SwitCM Q A device can be e~ternal1v booted 
USiMg tRe EXTERN.L BOOT ~nput OM FAST ON tab TPle If tnis input ~s 
broug~t to ground, BUS AC LO L w;l 1 be activated causing t~e ~r~ce~sor 
to perform a POWER FAIL. Upon returning to s 1og~c "1", t~i~ ~"out 
w411 deacttvate BUS AC LO l ~n~tiati"g a POWER UP seauence in t~e CPU 
a~d thus the boot se1ect switches, FAST ON tab TP3 snou1d be used as a 
ground return for tne e~ternal boot sw;tcn, 

This version 
If contains 
boot1ng from 
booting fnto 

of the Mq301 has been created specifica1lv for t~e 11/70, 
bas4c CPU, cac~e and ~emory d;agnost;cs 1M a~dito~ to 

one of q dev~cese It also includes the eapsb" ity of 
other tMa~ tne lowest bank of p~ys;cal ~emorYt 

T~e M9301~VC variation uses 4. Tr~-State ROH~5 wMic~ conta4n 
4n1ormation used by the 11/7~~ Tne modu'e also re~u;res oul1myp 
Fesister for t~e Bus Gr&nt ',nes o~ tne Unibus~ 
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CACHE MEMORY 
DIAGNOSTICS 

BOOTSTRAP 

PROGRAf'-1 
17773t'J1tlV'i 

C P lJ AND ME MaR Y 

DIAGNOSTICS 

177650e'0 

FIGURE 14 
MQ301-YC PROGRAM ME~ORY MAP 
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T~e diaqnost~c port40n of the pro~ram will test the basfe CPU, 
4neludfng. the branches. the re~;sters, all addressing modes, and 
~ost of tMe instructions ;n the PDP-l1 reoerto;re .. It will then set 
tMe stack pointer to kernel D-soace P,A,R. 7, check and turn On, ~f 
reQuested, memory ~anage~ent and the unibus map. and chec~ memory 
from virtual address 10~ to 157776, After ~ain memory hes been 
verified, with the cache oft~ the cache ~emory wil' be t~sted to 
verify that "hits" occur properly, then ~afn memory ~ill b~ !canneo 
again to insure that the cache ;s worKing properly throughout t~e 28K 
of memory to be used in the "boot" operation. 

If one ot the cache memory tests fails, the operator can attempt to 
"boot" the system anyway by pressinq "Continue", This wi1 1 CaUse the 
program to force "Misses" in both qroups of the cache before ~o;ng to 
t~e bootstrap section of the program, 

4,4,3 Diagnost;c Test Descriptions 

See fig. 15 

TEST1 THIS TEST VERIFIES THE UNCONDITIONAL BRANC~ 

THE REGISTERS AND CONDITION CODES ARE ALL UNDEFINED WHEN THIS T~ST IS 
ENTERED AND THEY SHOULD REMAIN THAT WAY UPON THE COMPLETIO~ OF THIS 
TEST, 

TEST2 TEST CLR, MODE "0", AND "BMI","BVS",BHI",8LOS" 

THE REGISTERS AND CONDITION CODES ARE ALL UNDEFINED WHEN THE T~IS TEST 
IS ENTERED. OPEN COMPLETION OF THIS TEST THE "SP" (R6) SHOULD ~E ZERO 
AND ONLY THE HZ" FLOP-FLOP ~ILL BE SET, 

UpON ENTERING THIS TEST THE CONDITION CODES ARE: 
N = 0, Z = 1, V = 0, AND C = 0, 
THE REGISTER ARE: R0 = 1, Rl = ? R2 = ? 
R3= ? RU = ? RS = ? SP = 000000 
UPON COMPLETION OF THIS TEST THE CONDITION CODES WILL BEl 
N = 1, Z = 0, \I = 0~ AND C = 0 
THE REGISTERS AFFECTED BY THE TEST ARE: 
SP = 117777 



TESTI THIS TEST VERIFIES THE UNCONDITIONAL BRANCH 
TEST2 TEST "CLR", 1-10DE "!t111~ AND "8t>1I",BVS","BHI",BLOS" 
T EST 3 T EST "0 Eel!, MOD E Ii 0 ", AND Ii B P Lit, n 13 E Q " ~ 8 G E " , B G T !I , B L E " 
TESTL.1 TEST "ROR", ~10DE 110", AND IiBVC'9~"BHISI!,8HI",8NEn 

TESTS TEST "SHI", "SlT", AND "BLOS"~ 
TEST6 TEST "BLE" AND ItBGT It 
TEST7 TEST REGISTER DATA PATH AND MODES "Z", "3", "6" 
TEST10 TEST "ROL","BCC", "SLi", AND MODE "6" 
TESTll TEST "ADD", "INC", "COHII, AND "BCS", "BLE" 
T EST 1 2 T EST ,,~ 0 R ", II B I S 'I I II ADD", AND 11 B L 0", " 8 G E II 
TESTl! TEST "DEC" AND "BLOS", "BLT" 
T EST 14 T EST II COM ", 11 B Ie" ~ AND "B G T ", " 9 G E II ~ 19 B L E " 
T EST 1 5 T EST "A De" , II C H P ", " 8 I T II P A ~j 0 11 B NEil, II B G T ,I, " B E Q II 

rESTlo TEST "MOVS", "SOB", "CL.R", "T5T" AND "8PL", "flNEIi 
T EST 1 7 T EST 11 A S R 'I, "A S L Ii 
TEST20 TEST ASH, AND SWAB 
TEST21 TEST 16 KERNEL P,A.R,~S 
TEST22 TEST AND LOAD KIPDR~S 
TEST23 TEST "JSR", "RTsn, flRT!", 8. Ii JtviP " 
TEST24 LOAD AND TURN ON MEMORY MANAGEMENT AND THE UNIBUS MAO 

TEST25 TEST MAIN MEMORY FROM VIRTUAL 100 TO 28K 
BOOTSTRAP ENTRY POINT IS AT 177730~0 
CODE TO ~AIT FOR TU10 TO COME ON LINE 
THIS IS THE CODE TO READ THE S~ITCH REGISTER AND DECODE IT 
THIS IS THE START OF THE TM111TU10 BOOT STRAP (MAGNeTIC TAPE~ i 111) 
THIS IS THE START OF THE TC11/Tu56 800'1' STRAP (DECTAPE p TC11=G) 
THIS IS THE START OF THE RK11/RK~5 BOOT STRAP CDECPACK DISK CARiRIDGE 
THIS IS THE START OF THE RP11/RP03 BOOT STRAP (DISK PACK, RP11·C) 
THIS IS THE START OF THE COMMON READ CODE 
THIS IS THE START OF THE RH70/TU16 BOOT STRAP [MAGNtTIC TAPE SySTEM~ 
THIS IS THE START OF THE ~H70/RP0Q BOOT STRAP (DISK PACK, RWP~4) 
THIS IS THE START OF THt RH70/RS04 Boor STRAP (FIXED HEAD DIS~~ R~S04) 
THIS IS THE START OF THE COMMON RH-70 CODE 
THIS IS THE START OF TH~ RXll/RX01 BOOT STRAP (FLOPPY DISK) 
THIS IS THE START RESERVED FOR A FUTURE DEVICE 
FUNCTION CODES FOR THE ALL OF THE DEVICES 
COMMAND AND STATUS REGIsTER ADDRESS TABLE 
FUNCTION POINTER TABLE 
STARTING ADDREsS TABLE 
CACHE MEMORY DIAGNOSTIC T~STS 
TEST26 TEST CACHE DATA MEMORY 
TEST27 TEST VIRTUAL 28K WITH CACHE ON 

Figure (15) 



UPON ENTERING THIS TEST THE CONDITION CODES ARE. 
N = l,Z = 0, V = 0, AND C = 0, 
THE REGISTERS .RE: R0 = 1, P1 = 1 R2 = 1 
R3 = ? R4 = 1 RS = 1 SP = 177777 
UPON COMPLETION OF THIS TEST THE CONDITION CODES WILL BE. 
N = 0, Z = 0, V = 1, AND C = 1 
THE REGISTERS AFFECTED BY THE TEST AREI 
SP = 077777 

TESTS TEST "8H1", "BLT", AND "BLOS" 

UPON ENTERING THIS TEST THE CONDITION CODES ARE: 
N = 0, Z = 0, V = 1, AND C = 1, 
THE REGISTERS AREa R0 = 1, Rl = ? R2 = ? 
R3 = 1 R4 = 1 R5 = 1 $P = 077777 
UPON COMPLETION OF THIS TEST T~E CONDITION CODES WILL BE: 
'" = 1, Z = 1, V = 1, AND C = 1 
THE REGISTERS ARE ALL UNAFFECTED BY THE TEST. 

TEST6 TEST "aLE" AND HBGT" 

UPON ENTERING THIS TEST THE CONDITION CODES ARE: 
N = 1, Z = 1, V = 1, AND C = 1, 
THE REGISTERS ARE: R0 = 1, Rl = ? R2 = 1 
R3 = 1 R4 = ? R5 = 1 SP = 077777 
UPON COMPLETION OF THIS TEST THE CONDITION CODES WILL BEl 
N = 1, Z = 0, v = 1, AND C = 1 
THE REGISTERS ARE ALL UNAFFECTED BV THE TEST. 

TEST1 TEST REGISTER DATA PATH AND MODES "2", "3", "6" 

WHEN THIS TEST IS ENTERED THE CONDITIO~ CODES ARE: 
N = 1, Z = 0, v = 1, AND C = 1. 
THE REGISTER REGISTER AREa R~ = 1, Rl = 1, R2 = 1 
RR3 = 1, R4 = 1, R5 =1, SP = ~77777. 
UPON COMPLETION OF THIS TEST THE CONDITION CODES AREa 
N = 0, Z = 1, V = 0, AND C = 0. 
THE REGISTERS ARE LEFT AS FOLLOWS: 

R0 = 125252, Rl = 00~000, R2 ;: 125252, R3 = 125252 
~4 = 125252, R5 = 125252, SP = 125252, AND MAPL00 = 125252 

TEST10 TEST "ROL", "BeC", "BLT", AND MODE "6" 

WHEN THIS TEST IS ENTERED THE CONDITION CODES ARE 
N = 0, Z = 1, V = 0, AND C = 0, 
THE REGISTERS ARE: R0 = 125252, Rl = 000000, R2 = 125252 
R3 = 125252, R4 ;: 125252, R5 = 125252, SP = 125252~ 
MA~L00 = 125252 
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UPON COMPLETION OF THIS TEST THE CONDITION CODES ARE: 
N = 0, Z = 0, V = 1, A NO C = 1, 
THE REGISTERS ARE LEFT UNCHANGED EXCEPT FOR 
MAPL00 WHICH SHOULD NO~ EQUAL 052524, 

TE5T11 TEST "ADD", "INC", "COM", AND "SCS", "8LI:." 

WHEN THIS TEST IS ENTERED THE CONDITION CODES ARE: 
N = 0, Z = 0, V = 1, AND C = 1. 
THE REGISTERS ARE: R0 = 125252, R1 = 0~000, R2 = 125252 
R3 = 125252, R4 = 125252, R5 = 125252, SP = 125252, . 
MAPL012! = 052524, 
UPON COMPLETION OF THIS TEST THE CONDITION CODES APEI 
N = 0, Z = 1, V = 0, AND C = 0, 
THE REGISTERS ARE LEFT UNCHANGE~ EXCEPT FOR 
R3 WHICH NOW EQUALS ~00000, AND Rl wHICH IS ALSO 0~~000 

TE5T12 TEST "ROR", "BIS", "ADD", AND "BLO", "BGE" 

WHEN THIS TEST IS ENTERED THE CONDITION CODES AREI 
N • 0, Z = 1, V = 0, AND C = ~, 
THE REGISTERS ARE: R0 = 125252, Pi = ~00~00, R2 = 125252 
R3 = 12130000, R4 = 125252, RS = 125252, SP = 125252, 
UPON COMPLETION OF THIS TEST THE CONDITION CODES ARE: 
N = 0, Z = 1, V :: 0, AND C = 0, 
THE REGISTERS ARE LEFT UNCH~NGED EXCEPT FOR 
R3 WHICH SHOULD 8E MOrIFIED BACK TO g00000, AND 
R4 WHICH SHOULD NOW EQUAL 052525 

TEST1] TEST "DEC" AND "BLOS", "BLT" 

WHEN THIS TEST IS ENT~RED THE CONDITION CODES ARE: 
/oJ = 0, Z = 1, V = 0, A NO C :: 0, 
THE REGISTERS ARE: R0 :: 125252, Q1 :: 00~000, R2 = 125252 
R3 :: 0012100121, R4 = 12152525, R5 = 12~252, SP = 125252 
UPON COMPLETION OF THIS TEST THE CONDITION CODES ARE: 
N = 1, Z = 0, V = 0, AND C :: 0. 
THE REGISTERS ARE LEFT UNCHANGED EXCEPT FOR 
Rl WHICH SHOULD NOW EQUAL 177777 

TEST14 TEST "COM, "BIC",AND "SGT", "BLE" 

WHEN THIS TEST IS ENTERtD THE CONDITION CODES ARE: 
N = 1, Z :: 0, V = 0, AND C = 0, 
THE REGISTERS ARE: R0 = 125252, Rl = 177777, R2 = 125252 
R3 = 0~12!00~, R4 :: 052525, R5 = 125252, SP = 125252, 
UPON COMPLETION OF THIS TEST THE CONDITION CODES ARE: 
N :: 121, Z = 0, V = 1, AND C :: 1, 
THE REGISTERS ARE LEFT UNCHANGED EXCE~T FOR 
R0 WHICH SHOULD NOW EQUAL 052525, AND 
R1 WHICH SHOULD NOW EQUAL 052524 
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WHEN THIS TEST IS ENTERED THE CONDITIO~ CODES ARE: 
N = 0, Z = 0, V = 1, AND C = 1. 
THE REGISTERS AREI R0 = 052525, Rl = 052524, R2 = 125252 
R3 = 000000, R4 = 052525, R5 = 125252, SP = 125252, 
UPON CO~PLETION OF THIS TEST THE CONDITION CODES ARE: 
N = 0, Z = 1, V :: 0, AND C = 0. 
THE REGISTERS ARE NOW: 
R0 = 052525, R1 :: 0001000, R2 = 125252, R3 = 0~0000 
R4 = 052525, R5 :: 052525, SP = 125252, 

TESTlb TEST HMOVB","SOB", "CLR", "TST" AND "BPL", "BNE" 

WHEN THIS TEST IS ENTERED THE CONDITION CODES ARE: 
N = 0, Z = 1, V :: 0, AND C = 0. 
THE REGISTERS ARE: R0 = 052525, Rl = 000000, R2 = 125252 
R3 = 0~0000, R4 = 052525, R5 :: 052525, SP :: 125252, 
UPON COMPLETION OF THIS TEST THE CONDITION CODES AREI 
N ::: 0, Z = 1, V = 0, AND C = 0. 
R0 IS DECREMENTED BY A SOB INSTRUCTION TO 000000 
Ri IS CLEARED AND THEN INCREMENTED AROUND TO 0~0000 

TEST17 TEST "ASR", "ASL" 

WHEN THIS TEST IS ENTERED THE CONDITION CODES ARE: 
N = 0, Z = 1, V = 12l, A NO C = 1(:1 ~ 
THE REGISTERS ARE: R0 = 125252, Rl = 0000013, R2 = 125252 
R3 = 0000130, R4 = 052525, R5 = 052525, SP = 125252, 
UPON COMPLETION OF THIS TEST THE CONDITION CODES ARE: 
III = 0, Z = 0, V :: 13, AND C :: 10, 
THE REGISTERS ARE LEFT UNCHANGED EXCEPT FOR 
R0 WHICH IS NOW EQUAL TO 0013000, 
Rl wHICH IS NOW 1300001, AND 
R2 WHICH IS NOW 000000. 

TEST20 TEST ASH, AND SWAB 

WHEN THIS TEST IS ENTERED THE CONDITION CODES ARE: 
III II 0, Z :: 0, V = 0, AND C = 0, 
THE REGISTERS ARE. R0 = 000000, Rl = 000001, R2 = 00000~ 
R3 = 000000, R4 = 052525, RS = 052525, SP = 125252, 
UPON COMP~ETION OF THIS TEST THE CONDITION CODES ARE. 
N = 0, Z = 1, V = 0~ AND C = 1, 
THE REGISTERS ARE LEFT UNCHANGED EXCEPT FOR 
Ri WHICH SHOULD NOW EQUAL 01313000 

TEST2l TEST lb KERNEL P.A.R.~S 

WHEN THIS TEST IS ENTERED THE CONDITION CODES AREa 
III = 0, Z = 1, V = 0, AND C = 1, 
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THE REGISTE~S ARE: R0 = ~e00~e, Rl = 000~00, R2 = 00000~ 
R3 = 000000, R4 = 052525, RS = 052525, SP = 125252, 
UPO~ COMPLETION OF THIS TEST THE CONDITION CODES ARE: 
~ :: 0, Z = 1, V = 0, A"'D C = 0. 
THE REGISTERS NOW EQUAL: 
R0 = 172~0~, Rl = ~~~~~0, R2 = 00000~, R3 = ~000e0 
R4 :: 052525, R5 = 125252, SP = 12~252, 
ALL KERNEL P,A,R,-S = 125252, 

TEST22 TEST A~O LOAD KIPDR-S 

WHEN THIS TEST IS ENTERED THE CONDITION COD~S ARE: 
N = 0, Z = 1, V :: 0, AND C :: ~, 
THE REGISTERS ARE: R0 = 172400, R1 = 000000, R2 = ~00000 
R3 = 00000~, R4 = 052525, R5 = 125252, SP = 125252 
UPON COMPLETION OF THIS TEST THE CONDITION CODES ARE: 
N :: 0, Z = 1, V = 0, AND C = 0 
THE REGISTERS THAT ARE MODIFIED ARE: 
R0 :: 172300, R1 = 000000, R2 = 077406 
ALL KERNEL I-SPACE P,D.R,-S (172300 - 172316) = 07740b 

TEST23 TEST I'JSR", "RTS", "fHI", .... "JMplI 

THIS TEST FIRST SETS THE STACK POINTER TO "KDPAR7" (172376), 
AND THEN VERIFIES THAT "JSR", "RTS", "RTI", AND "JMP" 
ALL WORK PROPERLY~ 

ON ENTRY TO THIS TEST THE STACK POINTER HSP IS INITIALIZED 
TO 172376 ANO IS LEFT T~AT WAY ON EXIT. 

TEST24 LOAD AND TURN ON MEMORY MANAGEMENT AND THE UNIBUS MAP 

THIS TEST IS ONLY EXECUTED IF THE UPPER 4 BITS <15:12> OF 
THE SWITCH REGISTER ARE NON-ZERO, THE TEST WILL LOAD MEMORY 
MANAGEMENT TO RELOCATE TO THE 32K BLOCK NUMBER SPECIFIED. 
IT WILL A~SO SET UP THE UNIBUS MAP REGISTER 0 THRU b 10 
RELOCATE THE UNIBUS ADDRESSES CORRECTLY, (IE, IF BITS <15:12> 
SPECIFY B~OCK NUMBER 3, TH~N YOU wANT TO BOOT INTO 
MEMORY FROM q6K TO 128K. THE KIPAR'S WILL BE LOADED AS FOLLOWS: 
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KIPAR0 = 006000, KIPARl = 006200, KIPAR2 = 006400, KIPAR3 = 0~6600 
KIPAR4 = 007~00, KIPAR5 = 007200, KIPAR6 = 007400~) 
KIPAR7 WILL ALWAYS EQUAL 17760~. 
THE UNIBUS MAP REGISTERS WILL THEN bE SET AS FOLLOWS: 
MAPLi2I = 000000, MAPH0 = 1213, MAPLl = 02012100, MAPLl = 03, 
MAPL2 = 0~0000, MAPH2 = 03, MAPL3 = 06121000, MAPH3 = 1213, 
MAI'L4 = 10121000, MAPH4 = 1213, MAPL5 :: 12012100, MAPHS = 03, 
MAPL6 = 14131211210, t.1APHb = 03, 

TEST25 TEST MAIN HEMORY FROM VIRTUAL 100~ TO 28K 

THIS TEST WILL TEST MAIN MEMORV WITH THE CACHE DISABLED, FROM 
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VIRTUAL ADDRESS 001000 TO 157776 • IF THE DATA DIES NOT COMPA~E 
~ROPERLY THE TEST WILL HALT AT EITHER 165740 OR 165756, IF A 
PARPITV ERROR OCCURS THE TEST WILL HALT AT ADDRESS 165776, WITH 
THE PC + 2 ON THE STACK WHICH IS IN THE KERNEL O-SPACE P,A,R,'S. 

IN THIS TEST THE REGISTERS ARE INITIALIZED AS FOLLOWS: 
R0 = 001000, Rl = DATA READ, R2 = 067400, R3 = 0010~0 
R4 = 067~00, R5 = 177746 (CONTROL REG.) SP = 172376 

THE FOLLowING TWO TESTS ARE CACHE MEMORY TESTS, IF EITHER OF 
THEM FAILS TO RUN SUCCESSFULLY THEV WILL COME TO-A HALT IN 
THE M9301 ROM, IF VOU DESIRE TO TRV TO BOOT YOUR SYSTEM, OR 
DIAGNOSTIC ANYWAV, VOU CAN PRESS "CONTINUE" AND THE PROGRAM 
WILL FORCE MISSES IN BOTH GROUPS OF THE CACHE AND GO TO THE 
BOOT STRAP THAT HAS BEEN SELECTED, 

TEST26 TEST CACHE DATA MEMORY 

THIS TEST WILL CHECK THE DATA MEMORY IN THE CACHE, FIRST GROUP 
o AND THEN GROUP 1. IT LOADS 052525 INTO AN ADDRESS CO~PLEMENTS 
IT TWICE A~D THEN READS THE DATA, THEN IT CHECKS TO INSURE THAT 
ADDRESS THE DATA wAS A HIT. THEN THE SEQUENCE IS REPEATED ON THF. 
SAME WITH 125252 AS THE DTA, ALL CACHE MEMORY OATA LOCATIONS 
AE TESTED IN THIS WAY, IF EITHER GROUP FAILS AND THE OPERATOR 
PRESSES CONTINUE THE PROGRAM WILL TRY TO BOOT WITH THE CACHE 
DISABLED. 

THE REGISTERS ARE INTIALIZEO A5 FOLLOWS FOR THIS TEST: 
R0 = 1000 (ADDRESS) R1 = 2 (COUNT), R2 = 1000 (COUNT) 
R3 = 1000 (COUNT), R4 = 125252 (PATTERN) RS = 177746 (CONTROL R~G) 
SP = 172374 (FLAG OF ZERO PUSHED ON STACK) 

TEST27 TEST VIRTUAL 28K wITH CACHE ON 

THIS TEST CHECKS VIRTUAL MEMORY FROM 0~1000 THRU 157776 
TO INSURE THAT YOU CAN GET HITS ALL THE WAY UP THROUGH MAIN 
MEMORY. IT STARTS WITH GROUP 1 ENABLED, THEN TESTS GROUP 0, A~D 
FINALLY CHECKS MEMORY WITH BOT~ GROUPS ENABLED. IF ANY OF 
THE THREE PASSES FAIL THE TEST wILL HALT AT "CONT + 2", THEN 
IF THE OPERATOR PRESSES "CONTINUE", THE PROGRAM WILL TRY TO 
BOOT WITH THE CACHE DISABLED. 

UPON ENTRY THE REGISTERS WILL BE SET UP AS FOLLOWS, 
R0 = 001000 (ADDRESS), R1 = 3 (PASS COUNT), R2 = 67400 (MEMORV 
COUNTER). 
R3 = 1000 (FIRST ADDRESS), R4 = 67400 (MEMORY COUNTER). 
R5 = 177746 (CONTROL REG,), SP = 17237~ (POINTING TO CODE FOR CONTROL 
RE. 

UPON COMPLETION OF THIS TEST MAIN MEMORY FROM VIRTUAL ADDRESS 
001000 THRU 157776 WILL CONTAIN ITS OWN VIRTUAL ADDRESS, 
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11/70 Bootstrap 

T~e bootstap portion of t~e program lOOkS at the 10wer byte ~f the 
swite~ ~egister to determine which one of 9 devices and wh;c~ drive 
~umber to attempt the "BOOT" from, switches <02 : 0e> select th~ drive 
Mumber (0 - 7), and switches <e6 :03> select the device code (1 -11), 
if the lower byte of the switch renister;s zero, the proqra~ will 
read the set of switches on the ~9301-YC to deter~ine the d~vice and 
drive number, These switches can be set by field service to ~e'ect a 
"DEFAULT BOOT" device, 

THE DEVICE CODES AND DEVICE NAMES ARE AS FOLLOWS: 

1 • 
2, 
3~ 
4. 
S .. 
0, 
7, 
10, 
11. 

TM11/TU10 
TC11/TUSb 
RK11/RK05 
RP11/RP03 
RESeRVED 
RH70/TUlb 
RH70/RP04 
RH70/RS0Q 
RXll/RX01 

MAGNETIC TAPE, TM11 
DECTAPE, TC11-G 
DECPACK DISK CARTRIDGE, RK11-D 
OISK PACK, RP11-C 

MAGNETIC TA(E SYSTEM, TWU16 
DIS~ PACK, RWPA4 
FIXED HEAD DISK, RWS04 (OR RWS03) 
DISKETTE 

If the bootstrap operatio~ fails as a result of a hardware ~rror in 
the peripheral device t~e program will do a "RES~T" instruction and 
Ju~P back to the test t~at sets UP and turns on ~emory manage~e~t and 
tests memory. The~ the program wi 1 1 attempt to "BOOT" again, 

T~e Exter~al Back Switch and Boot o~ Power-Up options are Mot 
available on the MQ301.YC. Theretore Power UP REBOOT ENABLE sw~tc~ on 
the module (see schematics) should always be off. 

Because it is re~uired that the diagnostic portion of the ~o~tstrap 
always be executed the LOW ROM ENABLE switch on the mo~ule (see 
schematics) should always be on. The remaining 8 sw~tches s~ou'd be 
set depeMding on the default device type and unit number d~s;red. 
(See starting procedure and schematics). 

4.4,b Starting Procedure 

The lower byte of the switch register should be set to have the drive 
number (0· 7) ;n switc~es <02 : 00>, and the device code (1 -11) ;n 
switches <00 : 03>. 

The upper byte of the swite~ register should be set to have the bank 
number of the 32k block of memory to be used for the ~ootstrap 



THE OEVICE CODES ARE AS FOLlOW~ 

Ii TM11/TU10 MAGNETIC TAPE, TMII 
2. TC11/TU5b DECTAPE,TC11~G 
3, RK11/RK05 DECPACK DIS CARTRIDGE, RKll-D 
4~ RP11/RP~3 DISK PACK, RP11-C 
S~ RESERVED fOR FUTURE DEVICE 
c. RH10/TU16 ~AGNETIC TAPE SYSTEM, TWU16 
1§ RH70/RP04 DISK PACK, RWP04 
10~ RH10/RS~4 FIXED HEAD DISK, RWS~4 COR RWS03; 
11@ RX11/RX01 DISKETTE 

THE MEMORY 8LOCKS ARE AS FOLLOWS: 

0~ PHYSICAL MEMORY QJ ... 28K 
1 ~ PHYSICAL ME~ORV 32K .. 601( 
2, PHYSICAL MH10RV 641( .. Cl2K 
3@ PHVSICAl,. MEMORY q6K '" 124K 
4~ PHYSICAL. MEMORY 128K .. 156K 
~ 

ij 

10 w PHYSICAL MEMORY 2SbK ~ 2841< 
~ 

1~~ PHYSICAl... MEMORV 384K .. 412K 
lS@ PHYSICAl" MEMORY 416K .. 444K 
16 a PHYSICAL MEMORV LJ48K .. 476K 
1 7 ~ ",HYSICAl... MEMORY 480K .. 508K 

If t~e d;lg~ostie port;o~ of tM;S program 1a;1$ and the o~er~~oF wants 
to Itt~HiH:}'j! to "BOOT" tli"lyWilIV, he must follow thtHile steps: 

Ie Set YO memory mS"agemlMt 'f "BOOTING" into ot~er then the 
lDw~r 28K of mlmory~ 

11 deV1ee 
Set stack 
WhR ~l-1e 
<q5H2>w 

h Di"I massbus$ 
painter to a valid address a~d load that ~ddre68 

memory bei"lk i"Iumber he would put into switches 

2B~ 11 dev1ee '5 Oi"l ui"Iibusg 
Set UP un~bu$ map reg49ters 0 iMru 6 to map to ~ame ~e~ory ~$ 
memory management; 
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3, Deposit address 173000 ~nto t~e PC, 

4. Set the device code and drive number in the lower byte of the 
switciol ,.egister. 

E)Csmoles: 

A. RP04 -. SET STACK POINTER TO 4~00~ 
LOAD 000000 INTO ADDRESS 4000~ 
LOAD 173000 INTO T~E PC (177777707) 
SET 000070 INTO SWITCHES (RP04) DRIVE 0) 
PRE 5 5 " CON TIN U E " 

B, RK05 -. LOAD 173000 INTO THE PC (177777707) 
SET 000030 INTO S~ITCHES (RK05 DRIvE 0) 
PRESS "CONTINUE" 

If the dfagnost;c oort~o" of the ROM fails record the PC of the "HALT" 
;~struet~on and ,.efer to tiole 11st;ng to find out what portion of the 
,."ach1ne failed~ 
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4,4,1 errors 

L;st of error Mats ;nde~ed by t~e address d~9played 

ADDRESS DISPLAYED 

17765004 
177651320 
17765036 
17765052 
17765066 
177&5076 
17765134 
177&5146 
17765166 
17765204 
17765214 
17765222 
17765236 
17765260 
17165270 
17765312 
1776531.16 
17765360 
17765314 
17765450 
177b5474 
17765510 
11765520 
11765530 
11765542 
17765550 
17765760 
17766000 

17773644 
17773654 

17773736 
17773746 

17773764 

Errol' Recovery 

TEST NUMBER AND SUBSYSTEM UNDER TEST 

TEST 1 BRANCH TeST 
TEST 2 BRANCH TEST 
TEST 3 BRANCH TEST 
TEST 4 B~ANCH TEST 
TEST 5 BRANCH TEST 
TEST 6 BRANCH TEST 
TEST 7 REGISTER DATA PATH TEST 
TEST 10 BRANCH TEST 
TEST 11 CPU INSTRUCTION TEST 
TEST 12 CPU INSTRUCTION TEST 
TEST 13 CPU INSTRUCTION TEST 
TEST 14 "COM" INSTRUCTION TEST 
TEST 14 CPU INSTRUCTION T~ST 
TEST 15 CPU INSTRUCTION TEST 
TEST 16 BRANCH TEST 
TEST 16 CPU INSTRUCTION TEST 
TEST 17 CPU INSTRUCTION TfST 
TEST 20 CPU INSTRUCTION TEST 
TEST 20 CPU INSTRUCTION TEST 
TEST 21 KERNEL P,A,R. TEST 
TEST 22 KERNEL P,D,R, TEST 
TEST 23 "JSR" TEST 
TEST 23 "JSR" TEST 
TEST 23 "RTS" TEST 
TEST 23 "RTI" TEST 
TEST 23 "JMP" TEST 
TEST 25 MAIN MEMORY DATA COMPARE E~R~R 
TEST 25 MAI~ MEMORY PARITY ERROR 
NO RECOVERY POSSIBLE FRO~ THIS ERROR 
TEST 2 b CACHE ME M 0 R YD A T A COM P .A R E E R ~ a ~ 
TEST 26 CACHE MEMORY NO "HLT" 
PRESSING "CONTINUE" HERE WILL CAUSE 
"BOOT" ATTEMPT FORCING "MISSES" 
TEST 27 CACHE MEMORY DATA COMPARE ERPO~ 
TEST 27 CACHE MEMORY NO "HIT" 
PRESSING "CONTINUE" HERE WILL CAUSE 
"BOOT" ATTEMPT FORCING "MISSES" 
TEST 25 OR 26 CACHE MEMORY PARITY ER~O~ 
PRESSING "CONTINUE" HERE WILL CAUSE 
"BOOT" ATTEMPT FORCING "MISSES" 

Most of the above errOr halts are "HARD failures, whicM me~nS that 
t~e,.e ;s no recovery from them. Es~ecia'ly tMe two (2) main memory 
~alts are not reee~verable, your best bet is to try to "BO'T" into 
a"other 32K bank of memory .f ;t appears to be a ma;n memory failure, 
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If the processor halts ;~ one of the two cache tests the error ea~ be 
recovered from, By pressing "CONTINUE" the program will either 
attempt to f;n;sh the test (~f at eiter: 17773644 or 1777~736) or 
force "~.sses" ." both groups of the cache and attempt to "qO~T" the 
system monitor with the cache fully disabled (4f at either: 17 7 73654, 
17173746. or 17773764). 

If this program fa~ls ;n an unco~tro'led manner it m;gMt be due to an 
unexpected trap to location 0~0004. If this ;s suspected th~n 10ad a 
"000006" into address ~00004 and a "~0~00~" into locetion '00006. 
This will cause al, traps to location 00000U to halt with 00~0~01~ in 
the address lights so tMat the ooerator can examin~ the CnU error 
register at locat;o~ 17777766, 

THE BITS IN THE CPU ERROR R~GISTER ARE DEFINED AS FOLLO~S: 

BIT03 = RED ZONE STACK LIMIT 
61T03 = YELLOl~ ZONE ATACK LIMIT 
81T04 = UNIBUS TIME-OUT 
8IT05 :: NON-EXISTANT MEMORY (CACrlE) 
BIT06 - ODD ADDRESS ERROR -
BITI2I7 - ILLEGAL HALT -

5.0 EXTENDED ADDRESSING 

5,1 Extended Address;~g (Def~~at;on' 

T"e co~sole emu1ator rou~tne ~or~al1y allows accesses to only the 
'owe~ 28K of ~emory and the 110 page (160000(8) to 1777 76(8»), 
~owever, it ;s possible by use o~ memory manageme~t to use the console 
emulator to acCess beyond 28K for the e_amine and deposit funct;ons. 
T~e reader Should be familiar with the concepts of memory m~nageme~t 
i~ the KD11-E processor, 

5,2 Def;nit;o~ of Virtual and Physical Addresses 

T~e ~rocessor manipulates 1b-b.t numbers within genera1 registers and 
~emory locations which ~t often uses as addresses, These 8d d resses 
are designated v;rtua' addresses as opposed to physical ad~resses 
which are asserted on tMe Un~bus to which devices are har~w;red to 
reSPond. 

5.3 Address Mapping without Memory Management 

W4th memory management disabled Cas is the case following d~press;ng 
the boot switch), a simple nardware mapping scheme converts virtual 
addresses to piolysical addresses, Virtual addresses in the 0 to 28K 



rl~ge are maDDed directly into D~ysical addresses in the ranee from 0 
to 2eK~ Virtual addresses on t~e lID age C16~000e177776) ar~ ~aPDed 
~~to p~vs;eal addresses i~ tne range from 12~K t~ 128K 
C360~00(8)-377776(8»). 

W1~h memory maRaqe~ent e~abled, a different mapping scheme 1S used~ 
I~ tM'~ $eheme~ a Felocat;o~ co~stant is added to the virtual address 
to create a oMysica1 Or ~relocated~ adrlress~ 

Virtual address space co~s'sts of e~qht 4K banks where eac~ b~~k can 
be re10cated by the re1ocatloM constant associated wit~ t~at ba~k. 
TRe DFocedure specified 1~ t~;s sect1o~ a1 lows t~e user to: 

1~ Cfe~te a virtual address to type into the Load address 
eommand@ 

2~ Determine t~e relotatio~ constant to relocate the calculated 
V4rtual address IRto the deslrea chyaical addFess~ 

i~~ e89;est way to create a viptual address is to d,vide the 18 bit 
p~Yltcal address into two sepaFate fields - 8 virtual addr~9! and a 
~~v~~ca1 bank nu~b@F. TMe v;rtual/address is represp.nted by tM~ lower 
13 b;ts a~d t~e p~y$1cal bank by the UCDer five b~ts~ This ereates a 
v~rtua1 address in v1rtuel ba~~ 0~ The calcu1ated relocotio~ c~nstant 
1~ piaced ;~ t~~ re1ocation reg~ster associated with virtual ~®~k 0$ 

For e~amDle, assu~e a user w;s~es to access location 533720 q T~e 
"opmal ~ccess capability of the console is 0 to 2BKe Tht! address 
(533720) 4s between the 28K 1 tm4t and the 110 page (76e000-7 7 777b), 
&~d eo~s~quentlv ~ust b~ accessed eS a relocated virtua1 adOFe$~~ with 
memory mlnageme"t enableoe The virtual address is 13720(8) i~ 
pMys;cal b~~~ 25(8) and ;s derfved as fol1ows~ 

All loe~t;on$ i~ e;tMe~ ba~k ~2S 

~~geB 760000~777776) ~~y be 
00~000~~17176 and 160e00 m 11771bp 

CS20~00~53777b) or 
accessed t~roug~ 
re§~ectlvely~ T~e 

bank ~31 ClIO 
virtual ~ddFess 
Feloc6t1~~ and 



descr;ptor registers ,~ the KDll-E are stil' accessible s4~c~ t~e;r 
addresses are w~t~in t~e 1/0 page. 

TMe relocat;on constant for p~vs;cal ba~k 2S ;s 005200. This cOnstant 
, S 8 d d e d ; 1"1 the r e , 0 cat. 0 nun; t tot. ~ e v; r t u a 1 add res s, !! S s how,., f 

v1eld.ng 533720, 

013720 Virtual address 

52000e Relocated Consta~t CTable A-l) 
------
533720 p~ys;cal Address 

WMel"l memory management ;s enabled all CPU accesses are relocated, 
Instructions and data access to the console emulator routine wil' be 
relocated throUg~ virtual bank 7 s1~ce t~e;r virtual accesses e~;ts ;1"1 
tM1s bank (see Table 5~1 for tne corresponding addresses Of eac~ of 
t~e e;ght Virtual banks). Note that accesses to the 1/0 page (Virtual 
bank 7) ere not automat1eally relocated with memory managem~nt w~;le 
accesses to tne 1110 page are automatica"v relocated whe~ memory 
m81"1agement ;s not utilized. 

S.C Memory Management Registers 

T~e re10cation constant that '5 added to the virutal adaress 1s stored 
il"l a relocatio~ register, One such reg;ste~ e~,sts for each of t~e 
e~ght v.rtual banks, In add4tion to the relocation registers, eac~ 
bank has its own descriptor re~;ster which provides ;n~o~~ation 
regarding the types of accesses allowed (read only, read or w~ite, or 
~o access), 

The ~eMory manage~e"t 10g;c also provides various for~s of protection 
aga;l"Ist unauthorized access, The corresponding descriPtor register 
must be set up along with the relocat.on register to al16~ access 
anywhere within the 4K bank, 

5.7 Address Assignments 

TMe UnibUs addresses of the relocation registers and the descriptor 
registers are given in Table 5,1, The relocation const~n~ to be 
'oaded into the relocation register for each 4K bank ;s prov;~ed in 
Tab1e 5.2. The data to be loaded in the descriptor re~ister to 
Drovide re~d/wr;te access to the full 4K ;s always 077u0c. 

The Unibus address of the contro' register to enable memory m~nagement 
;5 177572, This register;s loaded with the value 000001 to enable 
memory management and 0 to d;sab1e it, 

To comDlete the example previously described (location 533720', the 
eo~sole routine would be as f01'ows: 
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51.. 172340 ISett;ng relocat;ol'l register for v4 rtua1 bank " SD 5200 ITo access el(tended memory 
51.. 172356 ISett ~ rig re10cat;ol'l register for \d rtwal bank: "1 

SO 7600 ITo access the 1/0 page 
SI.. 172300 IA,ddress of descriptor register, v; rtua' 
$0 77406 Ibanl< 0 
SI.. 172316 IAddress of descriptor register, vi rtua' 
SO 77406 Ibank 7 
SI.. 177572 IAddress of cOl"ltrol reg;sterJ enable 
!D 1 I,.,ernory managemel"lt 
51.. 13720 IVirtua' address of location des;red 
$E (eIC8rn'rle) IThe data ; 1'1 locatiol"l 533721'1 

I w; , 1 be typed, 
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Table 5.1 

Unibus Address Ass;g~~ents 

Virtual Re1ocat,ol"l Descriptor 
,,~ ",tua' Address Ba,.,\( Register Register 

1&0~00·17777b 7 172356 172316 

1400121121-157776 b 172354 172314 

12001210-137776 5 172352 172312 

10001210-117776 4 172350 172310 

0613000-077776 3 172346 172306 

040000-057776 2 1723i.14 172304 

020000-037776 1 172342 172302 

000000""017776 0 172340 172300 



Table 5.2 

Relocat;o~ Co~sta~ts 

P"ys!cal Bank Number' 

37 
36 
3S 
3'1 
33 
32 
31 
30 
27 
26 
25 
24 
23 
22 
21 
20 
17 
16 
15 
14 
13 
12 
11 
10 

7 
(:) 

5 
'I 
3 
2 
1 
o 

Re1ocation Constant 

0127600 
~HH4~0 
0072Q1~ 

~i£l71Z100 
0066~0 
006400 
006200 
006000 
~H156~0 
005400 
005200 
0121500[6 
~04MH~ 
0f6440e 
004200 
004000 
003600 
~03400 
003200 
003000 
0026()!0 
00240~ 
002200 
0"'2000 
0016~0 
0~1400 

001200 
001000 
000600 
000400 
01iH~200 
000000 
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LoadiM9 a ~ew ~e'ocat1o~ constant into the relocat~on register for 
Ylrt~e' bank ~ w;l' cause virtual addresses 000~00·177776 to access 
t~e new p~ysicel bank. A second bank can be made accesslble by 
load;nq t~e re.location COnstant end descr~ptor data into t~e 
relocation and descriptor registers for virtual bank 1 and acCessing 
t~e location t~roug~ virtual address 020000-037776, Seven banks are 
access;ble in this manner, by 'oad;nQ the proper constants, s~tting UP 

t~e descriptor data, and selecting the proper v;rtuel address. BAnk 7 
ClIO page) must remain relocated to physica' bank 37 as ;t ;s aCcessed 
by tne CPU to e.ecute the console emulator routine, 

Memory management is disabled by clearing (load;ng with 95) the 
Contro' Register 177572. It shou'~ always be d;sab1ed prior to typing 
a 'boot' command, 

The start command automatica' ly disables memory management enri the CPU 
be9;ns e.ecut'ng at the p~ysical address corresPOndinq to t~e ~ddress 
s~ee~f.ed by tne previous Load Address command. Depressing the boot 
sw;tcn automat;callv disables memory management. T~e contents of the 
relocation reg,sters are not modified. 

The HALT/CONTINUE sw;tc~ has no effect on memory ~anagement. 

6.1 Purpose 

T~e M9301-VD ;s programmed to provide transparent pass·throug~ ~f data 
between a term,nal on a satellite computer and an asynchnronous ser~a' 
line on the same computer, It also contains all of the ~ecessary 
4nstruct40ns for reQuest4ng a secondary mode proqram loa~ ~nd for 
accept4ng a down-l ,ne load on its serial line from another ~ach;ne 
using DDCMP protocol. T~ese features enable a PDP-l1 computer to be a 
satellite ;n a REMOTE-11 system. 

6.2 Functionality 

6,2,1 Normal Bootstrap CSA=173000) 

Ord4nar;'y, when the ROM code ;s initiated, the satellite com~s up 'n 
~as8-t~rough mode. F;rst, the memory size of t~e comouter 4s 
ascertained. Then, necessary communicat'ons regions are set u~, and 
the OSO~ message "Enter terminal mode" is sent on the ser;a' line. 
Al' further communication ;s ;n ASCII w;tn the ROM program poll ;ng the 
ready flags in tne four contro' and status registers to dete~~ine t~e 
~ext act1on, XON C-Q) and XOFF (·5) are supported w1th4n t~e 
sate11;te cOmPuter, and transm;ss'on is assumed to be full du~l~., 
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T~e o~ly WaY t~at terminal mode may be discontinued ;s t~e reeeipt of 
a DDCMP message, The ROM only accepts the ~essages, "Pro~r~~ 'oed 
without transfer address", Progra~ load with transfer addre~s", and 
"E~ter terminal mode~" 

6,2.2 Secondary mode bootstrap, 

An alternate start address (173014) wi'l cause the "Enter t~rmi"al 
mode" message to be replaced by "ReQuest secondary mOde progr~m load," 
All other actions are ident;cal to t~e normal bootstrap, Th~ host 
machine s~ou'd respond to this message with a orogram loa~ so that 
te r m4nal mode ;s only transiently activated. T~e bus edrlressed 
117560-177566 w;l' be addressed during t~;s time. T~e secon~ary mode 
program load message may be used for loading programs ;n to s~tel' ites 
w4thout terminals or for loading a scrol'er into a mach;~e with a 
graphics ter~~nal, 

6,2,3 Sending DDCMP ~essages 

A callable subroutine within the ROM wi', send DDCMP "Boot" mode 
messages. Locat;on 162 is loaded by t~e Mq307 with the a~d~ess of 
t~;s subrout~~e. To use it, call by 

MOV 
JSR PC, 

#MSG, RS 
1162 

bytes 0 and 1 conte;" the nu~ber of bytes in the message 

byte 2 has an DSDP code 

The ~essage ;s sent us;nq ;nterrupt driven code, but contro' ;s not 
~eturned to the user program until t~e ~essage has been com o lete1y 
sent OUt. 
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T~e boot wi" automatically rece~ve DDCMP messages if p~oper'Y 
in1t.al.zed and t~e interrupt for the serial line receive reolster ;5 
enabled, A program to do t~i5 follows: 

1-10V 

MOV 

CMP 

MOV 

MOV 

CLR 

CLR 

CLR 

MOV 

.ADD 

SIS 

T5T 

BEG! 

BMI 

CMP 

To ,.estart 

JMP '1b4 

'#15~,R0 

R0,R2 

CR2)+, (R2)+ 

R2, CR0) 

#"10" .. (R2) 

.. eRe) 

-CR0) 

-(R0) 

#lb4,-(SP) 

#776, eSP) 

#100,-(SP)+ 

-4(R(~) 

, .. 4 

ERROR 

CR0)+, (ReI)+ 

t"'e Boot: 

GET ADDRESS OF DESCRIPTOR BLOCK 

SETUP DESCRIPTON POINTER 

R2 R2 + 4 

RESET BUFFER POINTER 

J BYTE COJNT OF OOC~p HEADER 

INITIALIZE CRC AND FLAGS 

ZERO FOR NO COMPLETION ROUTI~E 

GET DL ADDRESS INPUT 

STATUS REGISTER FROM BOOT 

ENABLE INTERRUPT 

WAIT uNTIL MESSAGE COMPLETE 

, POINT TO osop CODE 

The M9301-YO uses 10cat40l"ls 150-167 for communications and 17~ .. 171 for 
temporary data during program loads, It also loads location 54 with 
t~e high usable memory add,.ess, T"'e address ;1"1 54 "'as ~een a 1 Justed 
to leave room for buffers a~d a stack for use by the ROM, 



Tne MQ301-YD ROM wi" run of any PDP-i1 computer, 
~eoulred w.t~ the following addresses and vectorsl 

FUNCTION ADDRESS VECTOR 

Local ter~ina' 177560 60 

Interprocessor 1775b10 400 
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The ROM may be activated by placing the address given for t~e ~es;red 
Junct40n ;n sw;tc~ register and pressing LOAD ADDRESS, START or by 
utilizing the prower-up bootstrap feature of the MmQ301. T~e DIP 
sw1tc~es should all be off for norma' boot, Secondary mode reouires 
t~e switches to be set to -----, 

6.4 Program L;sting~ 

7,0 APPENDIX 

Tnis ~ul'y decoded 2048 Bit Memory, is organized as 512 wor~s of 4 
Bfts each. It has TTL compatible inputs and TTL compatible tri-state 
outputs, T~ere;s also one Chip Enable provided whose outouts are 
bussable to allow for memory expansion capability, 

Memory Arrays are addressed ;n straight binary w1t~ tul 1 ~n-ch;p 
decoding. An overriding chio-select input is provided whiCh when 
taken high, w;l' inhibit the function causing al' outputs to be ;n a 
high-impedance state t~at ne'ther 'oads ~or drives tMe bus lines, 
Oata as specified by D.E.C. are permanently orogrammed into th~ 2e48 
Bit locations, 

7,2, APPLICABLE DOCUMENTS (Latest revision OM data of order), 

A-SP-7665212-0-0, "Process Compatibility Test Methods.". 

"General Requirements 
Assurance Specification 
Integrated C4rcufts". 

7,3, REQUIREMENTS, 

DEC 
for 

~ual;ty 
~ipo'ar 

T"15 device shall meet the following requirements under a" operat'ng 



co"dltlo~s and over t~e full ooeratlng Free AiF Te~perature R~n~e~ 

7~3,1~1 Package Co~flguFat;ona - 16 Pin dual in 1 1ne s~al1 ~e~t t~e 
requirements of DigItal Scecification A-PS-lq~0002~GS, Section 1@2~5g 

7.3~1~2 Material (Pac~eqtng)g • S~al1 be ceramic or clastic CE"c.Y~B) 
O~ eaU1va1ent), Silicone package s~a' 1 not be snqpped wit~~ut prior 
written approval from D.EmCe 

'g3~1~3 P;n Conf;qurat;on~ § S~a' 1 meet tke reau;rements of Dlg1tal p 
A~~S~1q00002-GS, be of un1Tor m ~;g~ aualityp delivered fF~e from 
grease, ol1 and other contaminants, 

7,3~1~~ p," Connection Diagra~: - Shall 
F4gyre 1. 

A@ Ju~ct;o~ to Ambient: 
R0JA:+75 C/w ma~;~um (measured in 1ree m air wit~ th~ device 
soldered into ~ ~r;~ted circu;t board)9 

B~ Junction to Caseg 
R0JC~+20 C/~ maximu~ (measured wIth the dev~ce 4mmAr!ed i~ 
freon bat~), 



7~3e2~5 Te$t Load a~d T;~;~g Diagramz ~ Sha11 meet t~e requiFements 
of Fi~ure 3, 

Operating: 
Storage: 

o C to +75 C$ 
~60 C to +150 C 

713~3~2 Altitudet. The dev;ce snal1 not be metha~ical lv or 
electrica1'v damaged at altitudes of 50,000 feet (90mm mereuFV'~ 

A, Operat;ngi 10% to q0% R~H$ over t~e operating te~o~ratuFe 
range, (no~qconde~s;ng)~ 

S@ Storegeg 5% to q5% ReH@ over tne storage temper~tur~ Fa~gep 
(condens;ng ~"owed), 

Sh&'1 co"tain ve~dor name or symbol, vendor part number, PIA I 
loc~t10" ~"d data code a 

7@3~S Process Compat;bil,ty Test Methods: 

TMe dev~ee s~al 1 stay witn;~ the ;Ritia1 e1eetr;ca'/~~cMan;eal 
reQu;re~e~ts a~d s~al 1 Rot show a~y ev~de~ce of degr~4~t~o~ ~~ 
C69met~es w~e~ ~ubJected to t~~ following ffiet~ods~ 
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7,3,5,1 MarkingS· Dig;tal, A-SP-7bb5212-0-0, Section 1, Test MethOd 
100, 

"So1vent Res;stance", 

7~3.5~2 Refer to D;g;tal, 
Comcatibi I ity ReouiremeMts, 

for other . Process 

T~e dev~ce shall meet the int,a' Electrical/Mechanica' requirements 
after 1 year at storage requirements for temperature and relative 
hum;dHy. 

Mark,ng 0'" the 
vendors name or 
Cluar'ltUy~ It 
a,,.plar'le, rail 
reauirements of 

packaga;ng shall COr'lta;n as m;r'lfmum ;nfOr~at;o,." 
Symbol, vendors oart number, Purchase Order NUm~er and 
shal' meet I,C,C. requirements for ship~e"'t by 

and truck, Devices shall be packaged to meet the 
Digital A-PS-1900002-GS. 

Genera' Reauirements DEC Quality Assurance Soec;f;cation 
Integrated Circuits shall apply where no other 
spec,ffcally referenced. 

for q;polar 
document is 

7,4, CONFLICT OF REQUIREMENTS: 

The re~u'rements of th~s document sha" take precedent over al, and 
a,.,y dOCuments when a conflict arises. 

7,5, Approva': 

The devices SUbmitted under this specification sha" "~Ve been 
.~1tia"y approved by D~g~ta' Equipment Corporatio~. Approva' s~al1 
be g~ve" only after samoles representative of the vendors ,.,ormal 
product.on run have been examined, tested and found to meet the 
reqUirements as specified, 
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7,0, Construction changes. 

Approved vendors wno des;re at any t;~e to make a cnange fn tne 
design, mater;als, process, process control whicn imoact any 
reQulrernent, shal' submit 8 written reQuest descl";b;ng in de~aq the 
changes re~uested. Also, evidence to Just~fy sucn cnan~es. Tne 
cognizant engineer 101;11 them submit this request to tnp proper 
Engineering Department(s) Component Engineering Group and 81' oroduct 
lines affected, No chanqes shal I be incorporated until ~r;tten 
approval has been received from the above mentioned group ~r groups 
authorized by the Cognizant Eng;neer, 

Failure to comply shall be sufficient cause for removal as "1ualified 
Source", complete ~eQual;f;cat;on may be reouired before th~ oroduet 
;s deemed acceptab'e~ 

TABLE 1 

ABSOLUTE ~AXIMUM RATINGS 

PARAMETER 
NAME SYMBOL VALUE UNIT 

SUPPLY VOLTAGE vee +7,,0 V 

Input Voltage VIN -1.5 TO +5,5 V 

Output Voltage YOUr "O,5 TO +5.5 V 

Temperature: 
Storage Range Tstg .. 65 to +150 c: 

TABLE 11 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER VALUE 
NAME SY~1BOL MIN, NOM, MAX, UNIT 

Supply Voltage vee 4.75 5,0 5.25 V 

Temperetl"Jrel 
Operatfng Free-A;r TA +70 $e 



TARLE 111 

ELFCT~ICAL CHARACTERJSTIC~ 

O.C.C~ARACT~RISTICS (VCC=S.0V +5%~ TA .~ C+7S C 

PARA"1ETEP. 
NAME 

Higk Level I~put Voltage 

Low Level I~out '101 tage 

I~put Cla~p Voltage 

H;q~-Level Out~ut Voltage 

Low-Level Outcut Voltage 

I~put Brea~~ow~ Voltage 

Output L~akage Current 

SUPPLY CURRE.NT 

Ouput SMort C;rCL!;t CUI're,.,t 

Address I~put Loco Current 

C"';O E,.,able I~put 

Load C'Jrrent 

Address Inp\Jt LeakAge Current 

CMip [,.,able Lea~age rUI'I'ent 
Caoac;tance IN 

Capac it a~c e OLI T 

SYMBOL 

VIH 

VIL 

VIC 

II nK 

VDL 

fi v I ~l 

OLI<; 

nST CO~,IDITI("IN 

( 1) P,=-10"'t. 

(1)1O=-2.!,j"'A 

\lCE=;;'.4V 
Cl)OL=16mA 

(1)IN=1mA 

VO=S.5V.vCE=~.4V(1) 

10 (High VO=5.5V.VCt=2.4V 
~ 

State 

1D (High VO=(1.l.lv.VCE=2.4V 
R 
SUTEl 

cc l,.,puts either (;oe" 

f.lSC V 0= ~1 V 

FA \iA = Ill. 1.1 V 

( 1 ) FE VCE,=0.4V 

( 1 ) R A VA =4.5V 

( 1 ) R E VCE=4.":>V 
C J '" VI"J=2.0V.VCC=:;11i 

COUT vO=2.(;1V.VCC=0v 

0" ~t GrO\Jnd( 1) 
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VALUE 
/-lIN. MAX. Ij ~J I T 

2. ~1 V 

r·~ • 8 v 

-1.5 v 

2.1.1 V 

~l • 1.1:' V 

5.5 V 

HHl HA 

4,' HA 

1.1\:1 f--IA 

14\1 mA 

-11i -b? "'t. 

-1 • \>~ mAo 

-1.0 ",4 

60 HA 

60 !"it. 

7 Pi-

8 Pf.. 



NOTE 

The above characteristics are guara~teed 
to ~eet the output high leve' state when 
the cn;p is enabled CE=0,4V) a~d a 
program~ed b;t ;s addressed, These 
characteristics ca",not be tested pr40r 
to programming but are guaranteed by 
design. 

ELECTRICAL CHARACTERISTICS CCont.nued) 

A.e SWITCHING CHARACTERISTICS (TA=25 C, VCC=5.0V) 

PARAMETER VALUE 
25 C 0 C 

NAME SYMBOL, MIN. MAX, MIN, 

Access Time tAA 70 80 
(Via Address IMputs) 

Output Disable 

Outcut Enable 

Inputs tDIS(2) 30 

T;l"IIe tEN(2) 3121 35 

NOTE 

Output Disable T,me is the time ta~el"l 
for the outout to reach e h;gh 
resistance state when either Chip Enable 
;s ta~en ~;gh, Output Enab1e time ;s 
the time taken for the Output to become 
active when both Chip Enables are taken 
'ow. The high resistance state ;s 
defined as a point on the output 
wavefor~ eoua' to a V of 0,5V from the 
active output level. 
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PROGRA~MING PROCEDURE: 

Dev;ce Desc~;pt;on: This memo~y array ;s manufactured with lo~;c level 
zeroos i,., all storage locatior'ls, In order to orogram a logic level o,.,e 
a t asp e c: ; f ~ e db; t, e I e c t r ; cal 1 y a 1 t era bit a t 1 0 q i c , eve I " 0 ,t t 0 

logic level "1". There are 20"8 bits Which are organized as 51~ words 
of 4 bits eaCh, 

The device ~s progra~~ed per the Oigital EQuipment Corporation ~atter" 
spec: if i cat ion, 

CHARACTERISTICS 

Programming Pulse: 

Amplitude 

Voltage (cla,.,o) 

Ramp Rate dv/dt 
Pulse \I;;dti't 

Dutv Cycle 

Sense Currel"1t 

Programm;r'lg Vec 

21?1\1J +5% 

70 max, 
1,5+~% 

Delay from trailing edge 0.7 !'!'Ii,.,. 
of program pulse befo,.e 
se,.,s;ng output voltage 

To Electr,cally Alter 
a Bit at Logic "0" to 
L.ogic "1". 

200 

v 

V/us 
us 

mA 

v 

II 

us 

us 

COr'lstar'lt CUrrel'lt 

Voltage limit "f current 
source. 

The sense curr~,.,t must be 
;I"\terruoted 
after each a~d~ess c:nal"\ge 
for 10 us min. The sense 
current ramp rAte dv/dt must 
be <70V/us, An~ cla~ped to 
28. eVH~%-2%. 

A bit programmp.d whe~ two 
successive 
sense readings 1~ us apart 
with no interv~l"\;ng 
programming puls~, Pass the 
limit. When this conditiol"\ 
has been met, 16 additional 
program pulses are applied 
and the pulse tr~;n is then 
terminated, 



'Inrll~ C'mditions: 

I, ,J\mplm;de -OV to 3V 

" ' " Rise & Fail Time -5115 from 1V to 2V 
, ' 

"'>,: Frequency ,?7 ,iMl-1z 

. .:' :,' 
.. 

. ' ,'" 

" ... ' 
- "'i;',' I', . 

" 
. ' .. ~ 

.... 

,_._ .. _---- ---.,.-
S 'wn CHU,,;G 

I t PAI1Af/ETE R R 1 I A2 CL 

'AA 300~t ! 600~2 30 p,~l 

tDIS "1" """ 60012 10 PI~1 
tDIS "0" 30an soan 

I 

10 pF I 
, ,. J 

tEN "1" """ won 30 pF I 
tEN "0" 30an 600D !30 PFI 

.. , SVVITCHING TIME TEST CONDITION 

. ~. , 
,,' 

I I 
jA/ 

'--J7.5 ~ ,I,r: 
" 1--10 ~s.-

',,' " 

B 

--l j-O.7 ps 

'". OUTPUT LOAD CIRCUIT 
>. ' 

I' 

I, C 

~ kompare Vout and V sense "1" 

D 
- 28V Clamp 

J\ fl 
200mA 

, Program Pulse 
VOkl~ 20rnA Serbe 

- - CII'CU:L 
~ V Sense "1 " 

tU Sense Pulse Ri~e Time dli/dt <10 V/~ 

IS 0) 200 rnA Program ~lnd 20 rnA SeoSfl Pul5.6 Train 

CJ Two successive Sens.a Readings where V 01.1'< V sense "1" 

DJ 16 Additional Pro'1ram Pulses 

E.) Sel'\$e Current inll:Hupted dUring Addr~..s ~h.Jnge. 

VOLTAGE WAVEFORM DURING PROGRA~JlMiNG 




