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PREFACE 

This service manual provides information required to install 
and maintain the National Semiconductor Corporation (NSC) 
Model NS23P Add-In Memory System. 

The information provided in this manual is comprised of the 
following: 

• System Overview 
• Theory of Operation 
• Installation 
• Haintenance 
• Troubleshooting 
• Reference Drawings 

For additional documentation information, contact: 

~ational Semiconductor Corporation 
Memory Systems Division 
2900 Semiconductor Drive 
Santa Clara, Ca. 95051 
(408) 733-2600 
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SECTION 1 

SYSTEM OVERVIEW 

This section provides a general description of the NS23P 

memory card, including compatibility with other cards and sys­

tems; features and options; a mechanical description; power and 

environmental requirements for proper use; and other documenta­

tion. 

1.1 GENERAL DESCRIPTION 

The NS23pmemory card is an add-in memory designed to bp 

compatible with the DE~ (Digital Equipment Corp.) LSI-ll/23, 

PDP-ll/03, and LSI-ll/2 Microcomputer Systems. The card can be 

installed in the H928l or H9270 backplanes and works in conjunc­

tion with the DEC f1SVll-D and HSv11-E series semiconductor 

memory cards. 

Its standard memory capacity is 32,768 words by 18 bits (32k x 

18). The 32,768 words can be assigned anywhere within the LSI-

11 l28k word address space in anyone or multiple 4k word 

increments. 

1.2 FEATURES AND OPTIONS 

1.2.1 FEATURES 

The following paragraphs discuss the user controllable features 

of the NS23P memory card. 

*DEC, LSI 11, LSI 11/23, LSI 11/2 and PDP-l1/03 are registered 
trademarks of the Digital Equipment Corporation. 
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1.2.1.1 Internal or External Refresh 

The user can select whether refresh is controlled by the LSI-ll 

processor or by the refresh circuitry on the card itself through 

jumper points provided on the board. 

1.2.1.2 Battery Back-up Provisions 

The NS23P memory card can be used with battery back-up for 

LSI-ll semiconductor memory systems. The card comes with +5VB 

and +12VB battery back-up voltage pins, compatible with the 

voltage pins DEC provided on the HSVll MOS memory card. 

1.2.1.3 BRPLY External Refresh Response 

The NS23P memory card can be configured for external refresh 

operations during installation. Jumper points are provided on 

the card which permit the user to allow the generation of a 

BRPLY signal to an external refresh command. 

1.2.1.4 Expanded Address Space Operation 

The standard NS23P memory card can operate anywhere within 

the l28k address space of the LSI-ll/23 system. 

1. 2 . 2 OPTIONS 

There are the following factory installable options for the 

NS23P memory card. 

1.2.2.1 Parity Generation and Check 

See paragraphs 2.1.2.1, 2.5.1, and 2.5.2 for discussions of 

parity generation and check. 

1.2.2.2 8k or 16k RM1 Operation 

The standard NS23P card uses 16k RAMs as the memory ele­

ments, providing a maximum storage capacity per card of 32k 

words. The user can select 8k RN1s as the memory elements 

when ordering. This option permits maximum storage capacity per 

card of 16k words. 
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1.2.2.3 Optional Capacities 

Optional capacities are available from a minimum of 4,096 words 

by 16 bits (4k x 16) to a maximum of 32,768 words by 18 bits 

(32k x 18). 

1.3 MECHANICAL DESCRIPTION 

The NS23P memory is completely contained on one multilayer 

printed circuit card. It is designed to plug directly into 

standard H9270 ("Quad"), H9281 ("Dual") LSI-II backplane/card 

guide assemblies, and the DDVII-B ("Hex") expansion unit. Its 

dimensions are: 

PCB Thickness 0.056" Nominal 

Width 5.19 " 

Length 8.93" (Includes plastic handles) 

r1ax. component height 0.375" 

Hax. total thickness 0.490" 

1.4 POWER REQUIREMENTS 

The following are power requirements for the use of the NS23P 

memory card. 

1.4.1 PARAMETERS AND CONDITIONS 

The NS23P requires both of the following voltages: +5.0 

volts + 5% and +12.0 volts + 5%. 

1.4.2 POWER CONSUMPTION 

The NS23P memory card in a 32k x 18 configuration has the 

following current requirements: 

Standby 

+5.0 volts 2.0 A max. 

+12.0 volts 110 rnA max. 

Operating 

2.0 A max. 

450 rnA max. 

1-3 



1.4.3 BATTERY BACK-UP VOLTAGE REQUIREMENTS 

The battery back-up voltages must meet requirements (per card) 

of +12 volts + 5% at 110 rnA max. and +5 volts + 5% at 775 rnA 

max. 

1.5 ENVIRONMENTAL REQUIREMENTS 

TheNS23P memory card will operate at a tem?erature of 5°C 

to 50°C and at a humidity of 10% to 90% (no condensation). 
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SECTION 2 

THEORY OF OPERATION 

This section provides a detailed discussion of t~E operation of 

theNS23P aJd-in memory. Beginning with an interface des­

cription, the discussion proceeds with a functional overview of 

the card, using a block diagram. Individual functional blocks, 

data paths, and timing considerations are then covered, with 

an emphasis on use of the schematics in Appendix A. 

2.1 INTERFACE DESCRIPTION 

Interface between the NS23P add-in memory system and the 

Digital Equipment Corporation LSI-II Microcomputer System (or 

others) is conducted by means of eight input signals to the 

NS23P, two out?ut signals to the CPU, and 18 bi-directional 

signal lines (address and data) on the memory card. Table 2-1 

gives the connector assignments of signals, power, and other 

elements of the interface. 

The memory card presents one standard bus load to the LSI-II 

bus for each of the signals. 

2.1.1 INPUT SIGNALS TO 11D10RY SYSTEM 

The eight input signals from the LSI-II CPU to the NS23P 

are described briefly in this section. The specific purpose of 

each signal in the operation of the memory system will become 

clear as each functional module of the system is described in 

detail later in this section. 
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Table 2-1. I/O Connector Pin List 

Component Side Pin Pin Solder Side 

A Connector 

Al A2 +5 Volts 
Bl B2 

BDAL16 L Cl C2 Ground 
BDAL17 L Dl D2 +12 Volts 

El E2 BDOUT L 
Fl F2 BRPLY L 
Hl H2 BDIN L 

Ground Jl J2 BSYNC L 
REF KILL L Kl K2 BWTBT L 

Ll L2 
Ground Ml M2 BIAKI L 

Nl N2 BIAKO L 
pl P2 BBS7 L 

BREF L Rl R2 BDMGI L 
+12V BATT Sl S2 BDMGO L 
Ground Tl T2 BINIT L 

Ul U2 BDALOO L 
+5V BATT Vl V2 BDALOl L 

B Connector 

BDCOK Al A2 +5 Volts 
Bl B2 
Cl C2 Ground 
Dl D2 +12 Volts 
El E2 BDAL02 L 
Fl F2 BDAL03 L 
Hl H2 BDAL04 L 

Ground Jl J2 BDAL05 L 
-5 Volts out Kl K2 BDAL06 L 
-5 Volts in Ll L2 BDAL07 L 
Ground Ml H2 BDAL08 L 

Nl N2 BDAL09 L 
Pl P2 BDAL10 L 
Rl R2 BDALll L 
Sl S2 BDAL12 L 

Ground Tl T2 BDAL13 L 
Ul U2 BDAL14 L 

+5 Volts Vl V2 BDAL15 L 
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2.1.1.1 BDOUT 

This signal is an indication to the memory card that a write 

(DATO) cycle is to be performed. It must be activated as shown 

in the timing diagrams in Figures 2-1 and 2-2 in the proper 

relationship to BSYNC. 

2.1.1.2 BDIN 

This signal is an indication to the memory card that the BRPLY 

response from the memory card is to be activated during a read 

cycle (DATI), the read portion of read-modify-write, or an 

external refresh cycle. It must be activated as shown in 

Figures 2-1, 2-3, and 2-4 in proper time relationship with 

BSYNC. 

2.1.1.3 BSYNC 

This signal is an indication to the memory card that either a 

read (DATI) or read-modify-write (DATIO-B) cycle will be initia­

ted, a write cycle will be initiated when BDOUT is received, or 

an external refresh cycle should be initiated. The type of 

cycle initiated is a function of the state of the BDIN, BDOUT, 

and BREF lines when BSYNC goes to its active state as shown in 

Figures 2-1 through 2-4. 

2.1.1.4 BWTBT 

This signal, when used in conjunction with BSYNC and BDOUT, 

allows the board to determine whether a whole word (16 bits) or 

a byte (8 bits) is to be written during a write (DATO) or a 

read-modify-write (DATIO-B) cycle. Activating BWTBT during a 

write cycle as shown in Figures 2-2 and 2-3 is an indication 

to the card to write into the byte specified by address bit AOO. 

2-3 



2.1.1.5 BREF 

This signal, in conjunction with BSYNC (as shown in Figure 2-4), 

is an indication to the card to perform a refresh cycle. The 

card will respond to this signal only if it has been configured 

for external refresh operation. 

2.1.1.6 REF KILL 

This signal, when active, will disable the internal refresh 

circuitry from executing a cycle. 

2.1.1.7 BDCOK 

This signal is an indication to the memory card that the LSI-II 

system has lost its dc power. It is used to prevent the memory 

card from being inadvertently selected on power up or power 

down. 

2.1.1.8 BINIT 

This signal is used to reset internal select registers. 

2.1.1 OUTPUT SIGNALS 

The two output signals from the NS23P to the LSI-II CPU are 

described briefly in this section. The specific purpose of each 

signal in the operation of the memory system will become clear 

as each functional module of the system is described in detail 

later in this section. 

2.1.2.1 PARERR 

If the parity generation and check option has been selected, 

PARERR indicates a parity error. Parity is generated on a byte 

basis on all write cycles and checked on a byte basis on all 

read cycles. The PARERR signal appears on the address 16 

signal line (BDAL l6L). 
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SWITCHES OPEN, MEMORY SHALL NOT RESPOND. 

2. FOR BWTBTL HI DURING DATA TIME, A FULL WORD IS WRITTEN, FOR BWTBTL LO DURING DATA TIME, A BYTE IS 

WRITTEN ACCORDING TO BDALOOL AT ADDRESS TIME,IF BDALOOL IS HI, BITS 00-07 ARE WRITTEN, IF BDALOOL IS 
LO, BITS 08-15 ARE WRITTEN. 

Figure 2-1. Read (DATI) Timing 
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2. FOR BWTBTL HI DURING DATA TIME, A FULL WORD IS WRITTEN, FOR BWTBTL LO DURING DATA TIME, A BYTE IS 

WRITTEN ACCORDING TO BDALOOL AT ADDRESS TIME, IF BDALOOL IS HI, BITS 00-07 ARE WRITTEN, IF BDALOOL IS 

LO, BITS 08-15 ARE WRITTEN. 

Figure 2-2. Write (DATO-B) Timing 
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Figure 2-3. Read-Modify-Write (DATIO-B) Timing 
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Figure 2-4. Refresh (EXTERNAL) Timing 
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2.1.2.2 BRPLY 

This signal is an acknowledgement by the card of the receipt of 

a BDIN or BDOUT during a read, write, or read-modify-write mode 

of operation. It is also an acknowledgement of the receipt of 

BREF if the card has been configured for external refresh 

operation. 

2.1.3 BI-DIRECTIONAL SIGNALS (BDALOO-BDAL17) 

The lS bi-directional signal lines provide the memory card with 

address and data information. These lines are time-multiplexed 

between the address and data in/out during any cycle externally 

requested of the memory card. As shown in Figures 2-1 and 2-2, 

the card interprets the data on these lines in relationship to 

BSYNC, BDIN, BDOUT, and BRPLY. At -75 to +25 nanoseconds 

either side of the falling edge of BSYNC, the data is interpre­

ted as address information; at all other times, as data into or 

out of the card. 

2.2 FUNCTIONAL OVERVIEW 

This section describes the operation of the NS23P during 

write and read cycles from a general standpoint. Detailed 

discussion of the timing for each of these cycles is provided 

elsewhere in the manual. 

Figure 2-5 is the block diagram for the NS23P. The major 

blocks of the memory system are the interface transmitter­

receiver, the address register, the parity generation and check­

ing unit, the refresh address, module select, timing and control, 

the three-to-one multiplexer, and the memory array itself. The 

memory array may be configured from Sk x 16 bit minimum to 32k 

x lS bit maximum; the lS-bit width with parity, the 16-bit 

width without. 
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2.2.1 READ CYCLE OVERVIEH 

Data coming from the interface transmitter-receiver along the 

BDAL lines (0-17) lS asserted 75 nanoseconds (ns) before the 

low-going edge of the BSYNC line and held for 25 ns beyond it, 

thus defining address time (see Figure 2-1). Simultaneously 

with address time, the bank select signal (BBS7) determines if 

the memory module or a peripheral is to respond. 

time for the bus is defined as data time. 

The remaining 

At the end of address time, the BDIN signal is taken low, and 

hand-shaked with a reply signal (BRPLY) from the memory card 

225 ns (max.) later. In sequence, 125 ns (max.) after BRPLY 

goes low, data is brought from memory to the bus; 150 ns (min.) 

after BRPLY has gone low the processor returns BDIN to its high 

state; BRPLY returns to high; BSYNC returns high. Data remains 

on the bus for 100 ns (max.) after BRPLY goes high, and a new 

cycle may be initiated after 300 ns (min.). 

2.2.2 WRITE CYCLE OVERVIEW 

The write cycle operates on the same principle as the read cycle 

with a slight difference in timing. Data is available on the 

bus immediately after address time, then the handshaking between 

BDOUT and BRPLY takes place as before. The BWTBT is also brought 

into play during the write cycle: If B\~TBT is high, a full word 

is written; if BWTBT is low, a byte is written in conjunction 

with the BDALOO signal (BDALOO high, bits 00-07; BDALOO low, 

bits 08-15). The memory module is selected according to the 

address and BBS7, as in the case of a read cycle. 

2.2.3 OTHER CYCLES 

This concludes the overview of the two main cycles in the NS23P 

memory system. The read-modify-write and refresh cycles 
will be described in detail in Section 2.5. No overview is 

provided since the read-modify-write cycle is essentially a read 

followed by a write cycle. 
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Figure 2-5. NS23P Block Diagram 
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2.3 DC PO\vER CIRCUITRY 

DC voltage is brought in as +12 volts at input pin AD2 and BD2 

as shown on sheet 1 of Figure A-l (see Appendix A). Part of the 

+12 volt supply is run through a capacitive filter and directly 

to the memory array. A second part of the +12 volt supply is run 

through a dc to dc converter at IC location All, where -5 volts 

is generated. This -5 volts is led out at pin BKl where it is 

backplane-jumpered back in at pin BL1. Alternatively, a -5 

volt source may be brought in directly at pin BLl (no jumper). 

In either case, the -5 volts at BLl is run directly to the 

memory array; it is used nowhere else. 

A +5 volt source is brought in at pins AA2, BA2, and BV1, filte­

red, then run to both the memory array and the logic circuitry. 

Provision has been made for battery backup power. If the system 

is so configured, the +12 volt input will be jumpered to the 

battery input at pin AS1, and the +5 volt jumpered to pin AV1. 

If battery power is used, the +5 volt battery supply is run only 

to that portion of the logic circuitry needed to maintain refresh 

(+5 volts is not required on the memory chip itself for data 

retention). For reference, those IC's that use the +5 volt 

battery source are indicated by a triangle at the IC gates on the 

schematic. 

2.4 MEMORY ORGANIZATION 

The standard memory capacity of the memory card is 32,768 words 

by 18 bits (32k x 18), which can be assigned in 4k increments 

anywhere within the LSI-ll l28k word address space. Optional 

capacities are available from a minimum of 4,096 words by 16 

bits (4k x 16) to the maximum of 32k x 18. 

Also available as an option is switch-settable reserved I/O space 

such that 4k, 2k, lk, or 5l2-word address locations in the upper 

portion of the address range can be reserved for device addresses. 
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2.S DATA PATHS 

This section consists of an expansion of the discussion of the 

read and write cycles in Section 2.2, as well as a detailed 

description of the read-modify-write cycle not described there. 

In this section, the schematic diagrams applicable to each 

operation will be used rather than the block diagram. 

2.S.l READ CYCLE/PARITY CHECK 

As shown on sheet 6 of Figure A-I in Appendix A, the data leaves 

the memory chips at pin 14 and is routed to two sources. 

First, parity is checked (see Figure A-I, sheet S). All of the 

data bits 0 through IS, including the parity bits, are brought 

into two 74S280 parity checkers (E7 and E8). Output pin 6 of 

E8, which is the parity check for the low byte on data bits 0 

through 7, must always be high for the correct parity check to 

be performed. If an incorrect parity is developed in any of the 

data ~its (including the parity bit), then this output will go 

low, signaling the parity error as a high output at pin 3 of 

gate F8. This high signal is the parity error signal that goes 

back to the driver and ultimately to the BDAL 16 line. 

The data output from the memory elements also goes to IC's J4, 

J3, J2 and Jl (Figure A-I, sheet 4) running in the transmit mode, 

and to the bus via the BDAL 0 through IS lines. If the parity 

error is active, it is input at (IC) Jll pin 14, and the output 

appears on the BDAL 16 iine. 

2.S.2 WRITE CYCLE/PARITY GENERATION 

During a write cycle, data is brought in to the 8641 transmitter/ 

receivers J4, J3, J2, and Jl on lines BDAL 0-17 from the 

bus. The receivers invert the data and distribute it to pin 2 

of the memory array and to the parity generation circuits, IC's 

ES and E6 (Figure A-I, sheet 4). 
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E5 develops the parity bit for the low-order byte and E6 the 

parity bit for the high-order byte. The BDAL 16 line, when set 

(active low), sets the input at E5-l3 and E6-l3 high and, in 

effect, writes parity opposite to that developed on each of the 

bytes individually for diagnositc check of the parity function. 

Data may also be written as a byte. If BWTBT is issued low, 

the BLALO is interpreted as a byte select address. This signal, 

input at J4 pin 15, is output at pin 13 and run to F4 pin 13 

(Figure A-l, sheet 3), where the output at pin 12 is latched 

with the leading edge of the SYNC signal. This term then runs 

to Dll pin 9 (Figure A-l, sheet 6), which in addition to gates 

Dll with output pins 3 and 11 form the write enable inputs to 

the memory array according to conditions established at the 

interface. 

2.5.3 READ-MOOIFY-WRITE 

The read-modify-write cycle is a combination of a read cycle and 

a write cycle, differentiated from the individual functions only 

in its timing. While the memory treats the read-modify-write 

cycle as two internal cycles, to the processor or the external 

world, it is one cycle. The cycle timing will be discussed in 

greater detail in paragraph 2.6.1.4. 

2.6 TIMING AND CONTROL 

This section consists of a discussion of the timing and control 

involved in the external request, read, write, read-modify-write, 

and refresh cycles of the NS23P. Refer to the Timing and 

Control block diagram (Figure 2-6) for a more detailed breakdown 

of the timing and control section. 

2.6.1 CYCLE TIMING 

Except for an internal refresh cycle, timing and control are 

initiated through the external cycle flip-flop (Figure A-l, sheet 

2, zone 04) Hll pins 8, 9, and 10, and the gates at pins 11, 12, 

and 13. Internal refresh control is provided by flip-flop J6 
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through output pins 9 and 8. 

Row address select timing (TRAS) is provided by IC EIO, a 74S74 

D-type flip-flop with output pins 5 and 6. Column address select 

timing (TCAS) comes from IC EIO, output pins 9 and 8. 

The 74S10 IC gates F9 and H9 are the reply functions for read and 

write, and for refresh replay if active. 

IC Fll controls a digital delay line for address timing. It is 

digital in that it accepts TTL signals as input and produces 

buffed TTL signals as output and requires no terminating resistors. 

The discrete circuitry composed of a 100-ohm resistor, a 15pF 

capacitor and two 4.7k resistors in zone 05 smooths the output 

from the IC gate H9 pin 6. Its function is to allow the external 

flip-flop to be set and prevent fault settings of that flip-flop 

that may occur if a refresh request and external request are 

made coincidentally. 

The arbitration circuitry for coincidental refresh and external 

requests is made up of gates HIO pins 12 and 13 and output pin 

11, HIO pins 4, 5, and 6, a resistor-capacitor delay network 

made up of a 4.7k resistor and 10pF capacitor, and IC E9 pins 11, 

12, and 13, and permits only one request to be honored at any 

time. 

2.6.1.1 External Request 

An external request is made on the external lines DIN or DOUT, 

run through.a NOR gate at F6, and applied as an input at gate H9 

pin 5. When H9 output pin 6 goes low, the external request flip­

flop is set with Hll output pin 10 going low, and HIO output pin 

3 going high. The HIO pin 3 output becomes input to the row 

address select flip-flop EIO, which sets its output pin 5 high 

and begins the row select timing (TRAS) and the delay line at 

Fll. At time T40, 40 ns after the row select has been initiated, 

output pins 11 and 6 of the row-column address multiplexer F8 
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deselect the row address and select the column address. At 

time T80 the clock input pin 11 of EIO, the column select timing 

flip-flop, is set and begins the column address select term to 

the memory array (TCAS). 

2.6.1.2 Read Cycle 

In a read cycle, the output of the column address select flip­

flip EIO pin 8 goes low. This sets F5 pin 5 low, output pin 6 

high through a 100-ohm resistor 330pF capacitor delay, and 

inputs at IC F9 pin 1. This signal along with the DIN input 

signal at F9-2 sets the F9 output pin 12 to low which connects 

to F9 input pin 11. F9 output pin 8 goes high forming the reply 

term REPLY for the response of the memory to the DIN signal for 

a read cycle. Figure 2-7 shows the internal timing of these 

events. 

2.6.1.3 Write Cycle 

The timing for a write cycle is very similar to the read cycle, 

except that the column address select term (TCAS) is not used 

to produce reply. REPLY is generated by Nanding, + DOUT 

with + EXSTART, producing a low output at H9-l2. The H9 pin 

12 output is input at F9 pin 10 and output as the REPLY term 

for a write cycle. Figure 2-8 shows the internal timing of these 

events. 

2.6.1.4 Read-rlodify-Wr i te 

As mentioned in paragraph 2.5.3, the read-modify-write cycle is 

no more than a read cycle followed by a write cycle. Figure 2-9 

shows the internal timing of this cycle. 
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2.6.1.5 Refresh Cycle 

To begin a refresh cycle, the one-shot refresh timer J7 (Figure 

A-l, sheet 3, zone A7) times out with IC J7 output pin 10 set 

low. If the internal refresh jumper has been selected, that 

output runs to the input at gate J8 pin 11 and, if the refresh 

is not killed from the external world, J8 output pin 13 goes 

high, generating the refresh request signal REFRQ. Refer to 

figures 2-10 and 2-11 for the internal refresh and external 

refresh timing events, respectively. 

The REFRQ signal is routed to three places (Figure A-l, sheet 2) 

J6 pin 13, J8 pin 2, and H8 pin 1. The incoming high signal at 

J6 pin 13 enables the refresh flip-flop clear input. J8 pin 2 

sends J8 output pin 1 low, disabling any select inputs from the 

external world at gate H9 pin 3. When the high signal is presen­

ted at H8 pin 1 and the memory is not busy at pin 2, the output 

pin 3 goes high, which runs to input at H10 pin 12. If an 

external cycle is present or not being honored, as determined by 

H10 pin 13 being high, the H10 output pin 11 goes low, the H10 

output pin 6 goes high, then is run through a 50 ns delay net­

work composed of a 4.7k resistor and a 10pF capacitor. With a 

slow rising edge that forms at the delay, the signal is input at 

E9 pin 13 and, when the threshold is reached, E9 output pin 11 

goes low and the output at F5 pin 8 goes high, clocking the 

refresh flip-flop J6 at its clock input pin 11. When J6 output 

pin 9 goes high and pin 8 goes low for the complement, indicating 

that a refresh cycle is being performed, the refresh select 

(RFSSEL) disables the row-column address multjplexer and enables 

the refresh address driver. An additional time delay is intro­

duced through gate H8 pin 10 by a 4.7k resistor and 10pF capaci­

tor network; this is then input to E9 pin 1, allowing time for 

those multiplexers to change state and set up the refresh address 

to the memory chip. 
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When E9 pin 3 goes low, H10 pin 3 goes high, beginning the 

timing chain by setting the output of E10 pin 5 high to start 

the first refresh cycle. The TRAS flip-flop E10 output pin 5 

going low, cleared by the timing terms input to Ell pins 4 and 

5 and output Ell pin 6 going low, sending E10 pin 1 low, forms 

the refresh address clock at E9 pin S. This rising edge changes 

the least significant refresh address, address a, to memory. 

When -ME11BUSY becomes unbusy at HS pin 2 going high, this again 

begins the second refresh timing edge, proceeding through gate 

H10 pin 11, E9 pin 11, H10 pin S, E9 pin 3, then finally through 

H10 pin 3, and back to the RAS flip-flop E10 pin 3. 

When the second refresh cycle has been completed, the 74S74 flip­

flop J6 (Figure A-l, sheet 3, zone BS) output pin 6 goes high, 

that triggers the one-shot timer J7 pin 4, which forms a slight 

delay. Its output at pin 7 then triggers the one-shot time J7 

at pin 12, and its output deselects the refresh request. When 

15 microseconds elapse, the time constant for the IC J7, the 

dual refresh cycle begins again. 

If jumper W4 (Figure A-l, sheet 3, zone A3) is closed for extern­

al refresh, the external request begins with the refresh request 

signal (+REFEX) input to gate H6 pin 1, which gets inverted to 

a low at gate H6 pin 3 then becomes +REFRQ at gate JS pin 13, 

just as with the internal request. 

2.6.2 RESERVED I/O 

Under the standard card configuration, signal BS7 to the memory 

looks at the upper 4k, as I/O reserve; however, the user may 

gain more active read-write memory by switch-selecting only the 

upper 2k, lk, or 5l2-words as peripheral or I/O reserve. 

The reserved I/O switches are shown as 812-814 at location F3, 

Figure A-l, sheet 3, zone B3. Closing the switches limits the 

I/O reserve by routing address terms ADOll, ADD10, or ADD9 

through the switches to gate F7 output pin 6 to form an additio-
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nal arm of the module select term. The address terms ADDll, 10, 

and 9, as well as BS7 must be in their active state. 

2.7 MEMORY ADDRESSING 

Low order addressing is done by the three 74S373 IC's El, E2, 

and Fl (Figure A-I, sheet 3, zone 6). Inputs to these IC's form 

the row and column addresses. External addresses are derived 

from the DALOl-14 lines; internally input signals to El ADDO-5 

and AP12 become the row address, and input signals to E2 ADD 6-11 

and AP13 become the column address. Refresh addressing is 

performed by IC Fl, as a driver, in conjunction with H7, the 

address counter, and is done entirely internally. 

IC's El, E2, and Fl have their outputs paralleled to function as 

a tri-state driver, and are time-multiplexed to switch in and 

out as needed. When an external cycle is performed, the row 

select term that is input active low to El pin 1, causes the 

outputs of El to be enabled; the outputs of E2 and Fl are 

disabled and the row address is driven to memory. When the 

column address is issued active low to E2 pin 1, the inputs to 

El and Fl remain high, and the column address is sent to the 

memory array. Similarly, at refresh time, -RFSSEL sends pin 1 

of Fl low, and El and E2 turn off. The outputs AO-A6 are run 

through 33 ohm series resistors to damp out any oscillation 

that might occur in signal transitions to the array. 

IC's El and E2, in addition to being multiplexed drivers, are 

also the row-column latch for external address. The latch 

term is the G input at El pin 11, and is derived from the bus 

sync signal (BSYNC) . The output of the refresh driver Fl is 

not latched; it is enabled only at pin 1 by the output of the 

refresh select flip-flop J6 pin 8. 

Refresh address counter H7 provides five of the six address 

terms driven to memory. The sixth term, refresh address 

(RFADO), the least significant address, comes from D-type 
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flip-flop J6 pin 6. J6 pin 6 toggles from its high state to its 

low state, addressing once when RFADO is low and once when 

RFADO is high, thus providing the dual refresh (whether refresh 

is internal or external). The clock input to J6 pin 3 is the 

control signal +RFACK generated in the timing control system. 

J6 is enabled at pin 1 by +RF55EL, which is active high when 

refresh is enabled. When the memory is not performing a refresh, 

+RF55EL goes low and clears J6, placing the output at pin 5 low. 

Refresh counter H7 is also clocked at pin 1 by J6 output pin 5. 

The higher order address terms are sent to IC's H3, H4, H5 pin 

10, and H5 pin 5. H3, a 74L5283 4-bit full adder, in conjunc­

tion with H5, a 74508 with input pins 4, 5, and output pin 6, 

and H6, a 74586, pins 4, 5, and output pin 6, form a 5-bit 

binary adder and produce the start address control term of the 

output of H3 pin 9 (upper right hand quadrant of Figure A-l, 

sheet 3). This term, run through switch 511 to IC F7 pin 10, 

selects and determines whether the address term presented to it 

on the bus is above or equal to the selected address toggled 

into switches 51-55 at E3. 

IC H4, in conjunction with H5 pin 9, 10, and 8, forms a 5-bit 

adder that performs the stop address function by comparing the 

external address with the address set in E3 switches 56-510. 

The output of H4 pin 9 is the carry term which, when active high, 

sends H6 pin 8 and F7 pin 12, active low, and determines that 

the external address is outside the selected range. 5imilarly, 

the output of H3 pin 9, when switch 511 is activated, sets F7 

pin 10 high and determines that the external address is within 

the selected range. 

If the external address is within the selected range, if refresh 

is not being initiated, if the dc power is on, and if the bank 

select has not been asserted, then F7 output pin 8 goes low and 

J8 output pin 4 sends a high signal to input pin 14 of F4, the 

select latch, which sends its output pin 15 high forming the 
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signal +SELECT and allowing the memory to perform an external 

cycle. 
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SECTION 3 

INSTALLATION 

This section contains the basic information for installing the 

NS23P memory card. 

3.1 TOOLS REQUIRED 

A ball-point pen or small stylus may be needed to set the swit­

ches mounted on the memory card. Otherwise, no special tools 

are required for installation. 

3.2 UNPACKING AND INSPECTION 

The memory card should be unpacked with care and examined for 

physical shipping damage (i.e., broken, bent or dented parts). 

NOTE 

If physical damage is apparent, do not attempt 

to install or operate the memory card. 

3.3 CONFIGURATION 

The NS23P card has a switch selectable option for the 
address range to which the memory responds and a switch selecta-

ble option for the I/O reserve address range to which the memory 

does not respond. 

3.3.1 ADDRESS RANGE SELECTION (EXAJ1PLE) 

Set switches Sl-S5 and Sll for the desired start address; set 

switches S6-S10 for the desired stop address. The location of 

the switches is illustrated in Figure 3-1; settings are listed 

in Table 3-1. 
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For example, to install the NS23P 16k memory card within 

the address range of 4k to 20k. The start address is 4k 

(20,000)8 and the stop address is 20k (117,776)8. Set switches 

as follows: 

Start-4k Stop=20k 

Sl OFF S6 OFF 

S2 OFF S7 OFF 

S3 OFF S8 ON 

S4 OFF S9 OFF 

Sll ON SlO OFF 

3.3.2 RESERVING I/O SPACE 

The upper portion of system address is reserved for peripheral 

devices, normally for the uppermost 4k bank. The NS23P has 

the capacity to reduce this space to 2k, lk or 512 words accor­

ding to switches S12, S13, and S14. The switches should be set 

as follows: 

S12 

OFF 

ON 

ON 

ON 

S13 

OFF 

OFF 

ON 

ON 

S14 

OFF 

OFF 

OFF 

ON 

Reserved I/O Space (Words) 

4k 

2k 

lk 

512 

The locations of the switches are shown in Figure 3-1. 

3.3.3 ADDITIONAL CONFIGURATION JUI1PERS 

The NS23P also has factory settable jumpers for the following 

options: l6k/8k RAMs, internal/external refresh, external 

refresh RPLY active/inactive, ,and battery back-up active/inacti­

ve. Locations of these jumpers are shown in Figure 3-1. 

Definitions of jumper installation/removal are shown in Table 

3-2. 
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()...,(1-Q 0..0-0 1-9 W8 .......... 

Figure 3-1. Switch and Jumper Locations 

.. 
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Table 3-1. Address Range Switch Programming 

ABSOLUTE S5 S4 S3 S2 Sl Sll START 
ADDRESS S10 S9 S8 S7 S6 - STOP 

Ok 1 1 1 1 1 0 
4k 0 0 0 0 0 1 
8k 1 0 0 0 0 1 

12k 0 1 0 0 0 1 
16k 1 1 0 0 0 1 
20k 0 0 1 0 0 1 

24k 1 0 1 0 0 1 
28k 0 1 1 0 0 1 
32k 1 1 1 0 0 1 

36k 0 0 0 1 0 1 
40k 1 0 0 1 0 1 
44k 0 1 0 1 0 1 

48k 1 1 0 1 0 1 
52k 0 0 1 1 1 1 
56k 1 0 1 1 0 1 

60k 0 1 1 1 0 1 
64k 1 1 1 1 0 1 
68k 0 0 0 0 1 1 

72k 1 0 0 0 1 1 
76k 0 1 0 0 1 1 
80k 1 1 0 0 1 1 

84k 0 0 1 0 1 1 
88k 1 0 1 0 1 1 
92k 0 1 1 0 1 1 

96k 1 1 1 0 1 1 
lOOk 0 0 0 1 1 1 
104k 1 0 0 1 1 1 

108k 0 1 0 1 1 1 
112k 1 1 0 1 1 1 
116k 0 0 1 1 1 1 

120k 1 0 1 1 1 1 
124k 0 1 1 1 1 1 
128k 1 1 1 1 1 1 

1 = Switch CLOSED 
o = Switch OPEN 
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3.4 INSTALLATION 

The memory card is placed into the backplane's connector slots 

A and B, or into connector slots C and 0; in both cases, as close 

to the CPU as possible. The memory card's components should 

face row 1. Positions of components and connector slots are 

shown in Figure 3-2. 

The following precautions should be observed during installa­

tion: 

• Turn off memory power before installing or removing 

the memory card to avoid damage. 

• Do not attempt to insert the memory card into slot one 

on the backplanes. Slot one is reserved for the LSI-ll 

processor on both backplanes. 

• If the DDVII-B expanded backplane is being used, insert 

the memory card into the AB connectors of the back­

plane. 

• The REVll Dr.1A refresh must be the highest priority DBA 

device on the bus when this option is being used. If 

not, refresh may not operate properly and loss of 

memory data may occur. 

• When systems with expansion boxes are being used In 

addi tion to the REVll Dr1A refresh board, install a 

REVII-C board (no termination resistors) into row 2A 

& B (the highest priority row), then install a TEVII 

termination board in the last row of the bus. 

3.5 VERIFICATION 

After the NS23P memory card has been installed, apply memory 

power and verify operation by running system diagnostics to test 

the memory. 
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Jumper 

W3 
W4 

W3 
W4 

WS 
W6 

WS 
W6 

W7 
W8 

W7 
W8 

W9 
W10 

W9 
W10 

Status 

I 
R 

R 
I 

I 
R 

R 
I 

I 
R 

R 
I 

I 
R 

R 
I 

Table 3-2. Option Jumpers 

Function 

Internally controlled on-board Refresh 

Externally controlled Refresh 

Refresh reply disabled for 
Externally controlled Refresh. 

Refresh reply enabled for 
Externally controlled Refresh. 

Configuration for +SV power 
For non-battery Back-up System. 

Configuration for +SV power 
For battery back-up systems. 

Configuration for +12V power 
For non-battery back-up systems. 

Configuration for +12V power 
For battery back-up systems. 

Note: See assembly drawings sheet 2, and Table 3-2A below, for 
jumper locations and information. 

I = Install 

R = Remove 

Table 3-2A. Option Jumpers 

W3 = J to K 

W4 = H to J 

WS -' M to N 

W7 = E to F 

W8 = D to E 

W9 = A to B 

W10 = B to C 
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D. 

Figure 3-2. Hodule Installation 



• (TED) 

• HOS/CORE memory exercizer for 0 to 124k with or without 

parity bits. 
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SECTION 4 

MAINTENANCE AND TROUBLESHOOTING 

4.1 MAINTENANCE 

The NS23P memory card does not require routinely scheduled 

maintenance checks. However, systems diagnostics for both the 

NS23P memory card and the LSI-II Microcomputer System should 

be performed occasionally to verify correct operation. 

4.2 TROUBLESHOOTING 

If problems occur, check the following: 

• Are the address range switches and the I/O reserve 

switches set properly? 

• Are the option jumpers installed/removed for the appro­

priate features? 

• Are all power supplies turned on? Make sure that +SV 

and +12V power is applied to the backplane. 

• Has the Dr~ priority daisy chain been maintained? 

Verify that there are no empty slots between the first 

and last board. 

• Are the system cables installed correctly? Check that 

the cables are connected at both ends. 
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Appendix A 

Reference Drawings 

This appendix contains the required reference schematic and 

assembly drawings for the NS23P memory_ 

Figure A-I 

Figure A-2 

870103625-001 

980103625-000 

Schematic 

Assembly 
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~ 3 e>4 0 47410080'-041 RES.MOD, ,PIN. SilK RP2 
40 I 04 0 -4741041;68 -033 RES. MOD, , PI N. 3/471J R RP3 04~~~ 

9 25 I 01 D 151101309-0'9 CAP, CER,330pF,100Y,:t10% CII <..,..-" .. 41 I 04 0 474 1045'69--057 RES. MOD, 8 PIN, 4/4.7K RP4 "~~:;;-f7 
10 a 04 D CoOO/CO/55-DOS Wl'Rii., pvc, #:l"i, 'SoLID, G.Rt4. W1-WlO 26 42 I 04 D 474104~9 -ex>S RES. MOO, 8 PIN, 4/33Jl. RPS -f~v_~~~330 
/I 2 04 D 740101006-00/ HANDLE 
12 4 04 D Z83101130-003 RIVET 1/11 x 3/1~ 
13 /I 04 D 283102.019-001 WIl"E-\Offl:AI=> P::Ms.r,.Ol5 S" , ... ~ pat ,H,J,rt..1'¥4 

27 I 01 0 474/025<,,,-038 RES FILM, Z.2IK YBW 1"1. RI ~~ 
28 3 01 D -07.3 • 5.IIK, t R2 [ Sll\~ 

2<J 1 01 0 t -117 t I~.OK + R3 1 leclZF' 

43 
44 
45 I 04 D 513 100 38~-010 SWITCH DIP, 10·POS, ROC 

14 2 04 D 151101306-025 CAP., CER ,1000pf, 100Y,t1O CI 30 I 01 0 47410Z56S -I'-Eo FILM, 51.IK, 17- R4 I..,N851:1 EI 'ZF 4(. I 04 0 .513 100 ~8"-OO SWITCH, DIP, 4-pos, ROC 
15 I 04 D 151101308-037 CAP, CER, .01 ..... F SOY +!lR% C2 31 2 01 D 470/01134 -03'9' CC, IOOR, :tS7. RS BB~O~-s" 47 
/6 I 04 D 151000046-001 CAP. CE:R .I#F, 50Y, ~1g'1. C3 32 I 01 D 47010 1134-oB9 RES, CC, 12 K, )1,W.:t57. R':; ", .. 

86-123 -5' 48 
fllC)TIS NOns fIlIOn. 

ASS' ... , ASS' 
uSAGE 

I:B I C I D E TiTU ... .IV 

.... eNG""~~'!f'A,,:~ 
0<0 NSc.3P ze'-b eNG 

OAn .IM-tr~ -n. 3-19-79 b-'/-1f 
WIIIITlf~8'1' DAn DESIGN DAn r;;;-, i~ I mJ 1m: 32K X /8 
sc,o 9-/(-8 

~ ." 1"980;'O'3~25-roi:-;-CHfCIlED IV DAn 

~,-~ 
............. el ....... ~ 
,. ..................... a.."ca .. 

USAGE ... ..v B ,I! 0 £: TITLE 

-t. 
1",.jl7 1m' NS .2.3 P .... CHGNO. ~/i!fM!· hb eNG 

DAn Ift'I-'7J 
WA,THIIIIY CAfE OlSIGN DATE ~ - {IV- 32K X 18 

~ 
_. 

I .... ct.r~ ." 1·~~~~·~:;~~5- 000 I ~ ~ (HIi(.IUOBv OAT( "'''''''''OVEO DAn 
_ ........................ c.a .. .'-

USAG. 
.B ... "v e 0 E; TITU . ... eNG"" ta. I~. ~ If .. ".. NS 2-3 P eNG I:: ;..;J-7;/ ---f- - 32K X 18 

w~I'n .... 'f' DATI DlSIGN OAn - If(.£. 

~ 
_. 

I -~ .ZlI;Boio·3~25-000 I"'-i CHICItEO 1'1' DAn ... """0 .... 10 OAn _ .................... -.CIII. .... D'_ 
~ ..... o 00"" .. ... 

UN" OI·IACH .. • lULl( .... ITN'. 
I .... _D ••• _ .... I;SO,03625-0OC 

DO • OJ. MIlICH •• ASIitlOD . " D· "THOUT' • ... ..... m.nlT .·OTNEII '" "-IliFlIIIIICl '" • ·"ClfCATIOIII 

UN" 01. EItoCH 
.. ·.ULK I 

A. WiTH .... 

I "" .. D''''_'''' 1;6010'3·~Z5-00C • • ","lOO ",IV o .WITMOUT .... ... D' • In. INCH 
... lIIlnMiNCI. ,~ ..... ID_FEiT •• OTHUI III 
I. "CIFICATIOIII 

ITUII au .... 'IT,. '1111 ,... .. Ly -, "IV ".1' ''''''_"1 TITLE/OlE"""1OII 
... 

'1l1li0 .. 
'" ,~ ... ' ....... OOCI.*INT DUl .. 

iJIIl ..... ,lllti 

"" OD/. .... 

ITEMI OUANTITY1'1111 AISE"LY UN" ... ... ..... T_ .. / 
TITUIOIICIII,"ION . .. M ..... "UCS "INO DO CO, '" IIIEFIMfrICl OOCUIiIENT DEI'1i. 

"" l .... 
4'1 3 04 D 48/000083-001 DIODE, IN'3148 CRI ~5 Z 01 D 482001344-001 I.C. 74510 
50 " I 01 D 482001345-001 I.C.74520 
51 I 04 D 48.aoq$~7-0oZ ~£Go. PULSE: w'prl-l MOuUL ..... ; a, LMSS~ .... '7 Z 01 0 482100777-001 I.C. 74537 
52 (,8 I 01 0 482100778-001 I.e. 74S36 
53 I 04 D &11'04&'3&-005 DELAY LINE ACTiVE.200NS, !;-TAI' ;~~;4·-'" , (''J 2 01 D 46200017~-001 I.C.74574 

54 0 P4 ~210Z59B-oz'2. i.c_ /IQK RAM ,200/.15 (!) 70 I 01 D 481100300-001 I.e. 74S8" 
55 0 04 182/0301.0-112- I.e. ~/( -Pal 1i!AM. 200IYS ill 71 I 01 0 462100840-001 I.C.745132. 

5' o 04 482/oZ'38'3-1/2 I.C. 8K PRH RAM,200~5 <.1.> 72 I 01 D 462000337-001 I.e. 745174 
.57 3b 01 D 214102'85-003 SOCKET, OIL, leO-PIN 73 4 01 D 482000342-001 I.C.745Z80 

58 " 74 Z 01 D 482103'J83-001 I.C. 74LS283 
59 I 01 0 4821020'2-001 I.C. ~'S02 75 3 01 D 482102641-001 I.e. 745373 

'0 e 01 D ~103O:;~7-001 I.C.8<:;41 76 I 01 D -'182102",3"-001 I.C.74LS3<:l3 

" 2 01 0 -482IJOO079-00 I I.C_ 74500 77 
(.Z 3 01 D 482000334-001 I.C. 74502 78 
0:;3 I 01 D 482000180 - 001 I.C.74504 79 
(,4 2 01 D 482/.00'72-001 I.C.74508 80 

MOTII NOTlS 

.... ASS' 
USAGE 

~ ... •• v C. 0 E 'IYLI ... CNGNO . .. ~/ .~ Iii:, NS 23P 
eNG 

DAn -,/-1J 32K X /8 
",".,TTENIY DATil DESIGJiII DAn - - {n:;... 

USAGE 

J.::a lC. i D ... ..v E TillIE . ... eHG"" ~L~4~07 liJ:6 N5 23 P 
eNG 1(,n'i-71 

WA,TffJIIIV OAn DlS'GIII DAn ~--·l·-·~ 111(.;1... 32K X 18 

~ ......... I.lml ... cIIIf~ ." """, ... .,....... I'H~ C~fCkED IY CATE "'''''''01,'(0 OAn 
'380103"25- 000 D'.s _ ....................... CIIL_ ~ --~ ~"F8'OIO;~25 -000 l:i CHECKED BY DATE APPROvED OAn _ ..................... a..,c.a_l 

.. ". 








