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8.1 | NTRCDUCT! ON

This section concerns itself with the hardware aspects of the
Sol Ternminal Conputer™™. It specifically deals with the operation of
t he power supply and the logic associated with the Sol - PC and key-
board. Descriptions of software and the operation of the circuitry
contained in the nultitude of integrated circuits (ICs) used in the
Sol fall outside the scope of this section. |In sonme cases, references
to other publications or sections in this manual are provided when it
is felt that additional information will contribute to a better un-
der st andi ng of how Sol operates. Should the reader wish to delve
further into the operation of a specific IC, we suggest that he study
the appropriate data sheet for that IC

The section begins with an overview of the Sol design. A
bl ock di agram anal ysis then provides the reader with an understandi ng
of the rel ationship between the functional elenents of the Sol-PC
This anal ysis sets the stage for detailed descriptions of the cir-
cuitry that nakes up these elenents. The section concludes with a
bl ock di agram analysis and circuit description of the keyboard.

8.2 OVERVI EW

The Sol Terninal Conmputer™™ as the nane inplies, is both a
term nal and computer. It is designed around the S-100 bus structure
used in other 8080 m croprocessor-based conputers and incor porates
all of the circuitry needed to performeither function. |In essence,
Sol conbines a central processor unit (CPU) with several S 100 peri-
pheral nodul es--nmenory, keyboard input interface (including the key-
board), video display output interface plus audio cassette tape,
paral l el , and serial input/output (1/O interfaces. Sol-20 also in-
cludes a five-slot backpl ane board for adding other menory and 1/0O
nmodul es that are conpatible with the S 100 bus.

An 8080 mi croprocessor (the CPU) is the "brain" of the Sol
It controls the functions perfornmed by the other system conponents,
obtains (fetches) instructions stored in nenory (the progran), ac-
cepts (inputs) data, manipul ates (processes) data according to the
i nstructions and comuni cates (outputs) the results to the outside
worl d through an output port. (For information on 8080 operation
refer to the "Intel ® 8080 M croconputer Systenms User's Manual . ")

As shown in the Sol Sinplified Block D agram on Page X-24 in
Section X, data and control signals travel between the CPU and the
rest of the Sol over three buses: 1) a 16-1ine Address Bus, 2) an
eight-line Bidirectional Data Bus, and 3) a 28-1ine Control Bus which
is interfaced to the CPUwith support logic circuitry. (Note that
the use of a bidirectional data bus permits eight lines to do the
wor k of 16, eight input and eight output.) These three buses account
for the bulk of the S 100 Bus which connects the Sol to expansion
menory and 1/ O nodul es.

Vill-1



PROCESSOR TECHNOLOGY CORPORATI ON

Sol THEORY OF OPERATI ON SECTION VI 1]

In the Sol-20, the S-100 Bus structure takes the formof a
five-slot backplane board. It consists of a printed circuit board
with 100 lines (50 on each side) and five edge connectors on which
i ke-nunbered pins are connected from one connector to another
Functionally, the Sol version of the S 100 Bus is conprised of:

1. Sixteen output address lines fromthe CPU which are input
to all external nenmory and 1/Ocircuitry. (Direct menory
access (DMA) devices must generate addresses on these
lines for DVA transfers.)

2. FEight data input/output lines that transfer data between
external nenory and 1/0O devices and the CPU or DVA de-
vices. (These eight lines are paralleled with eight
ot her bus lines.)

3. Eight status output lines fromthe CPU support | ogic:
Menory and 1/ O devices use status signals to obtain in-
formati on concerning the nature of the CPU cycle. (DVA
devi ces nmust generate these signals for DVA transfers.)

4. N ne processor command and control |ines: Si x of these
are output signals fromthe CPU support |ogic; three of
them are input signals to the CPU support logic from
menory and 1/O devices. (In a DVA transfer, the DVA de-
vi ce assunmes control of these lines.)

5. Five disable lines: Four of these are supplied by a DVA
device to disable the tri-state drivers on the CPU out-
puts during DVA transfers. The fifth is a derivative of
the DBIN output fromthe CPU, and it is used to disable
any nenory addressed in Page ft. Use of this disable is
optional with a junper.

6. Two input lines to the CPU support |ogic which are used
for requesting a wait period. One is used by nmenory and
I/ O devices and the other by external devices.

7. Six power supply lines which supply power to expansion
nodul es.

8. Three clock |ines.
9. Four special purpose signal lines.
10. Thirty-one unused |i nes.

Definitions for each S-100 Bus |line, as used in the Sol, are
provi ded on Pages AVII1-3 through AVII-6 in Appendix VII.

In addition to the S-100 Bus structure, Sol also uses an
ei ght-1ine keyboard input port, an eight-line parallel input port,
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an eight-line parallel output port, an eight-line sense switch |logic
i nput port, and a unidirectional eight-line internal data bus.

The use of a unidirectional (input) data bus accommodat es
Sol's internal lowdrive nenory and 1/ O devices that do not neet the
heavy drive requirenment of the bidirectional data bus. The lowdrive
requi renent of the internal bus also allows using the tri-state cap-
abilities of the UART's (Universal Asynchronous Receiver/Transnitter)
in the serial and audi o cassette |I/Ocircuits without additiona
drivers.

Al CPU data and address lines are buffered through tri-state
drivers to support a larger array of menory and I/ O devices than
woul d ot herwi se be possible with the 8080 output drive capability.
Data input to the CPUis selected by a four-input multiplexer from
t he Keyboard Port, Parallel Port, Bidirectional Data Bus and Internal
Data Bus. The Internal Data Bus is the source of all data input to
the CPU from Sol's internal nmenory, the serial interface and the
cassette interface. The Bidirectional Data Bus is the source of al
data fed to nenory and 1/ O both internal and external. It is also
the source of data input to the CPU fromeight internal sense swtch-
es as well as fromexternal nenory and 1/0QO

8.3 BLOCK DI AGRAM ANALYSI S, Sol - PC
8.3.1 Functional El enments And Their Rel ationships

As can be seen in the Sol bl ock diagramon Page X-24 in Sec-
tion X, timng signals for Sol are derived froma crystal controlled
oscillator that produces a "dot clock"” frequency of 14.31818 Mz.
(This frequency, four times that of the NISC col or burst, provides
conpatibility with col or graphics devices.) The dot clock is applied
directly to the Video Display Generator circuit and divided in the

O ock Generator to provide f1, f2 and CLOCK. CLOCK synchroni zes al

control inputs to the 8080, f1 and f2 are the nonoverl apping, two
phase cl ocks required by the 8380

Menory internal to the Sol is divided between 2K of ROM ( Read
Only Menory), 1K of System RAM (Random Access Read/ Wite Menory) and
1K of Display RAM The ROM pernanently stores the instructions that
direct the CPU s activities. (To enhance Sol's versatility, this
particular menory is on a plug-in "personality nodule". Thus, Sol
can be easily optimzed for a particular application by plugging in a
personality nodul e that contains a software control program desi gned
for the task. The CONSOL and SCOLOS prograns, which are described in
Section | X, are exanples of such personality nodules.) D splay RAM
stores data for display on a video nonitor, and the System RAM pro-
vi des tenporary storage for prograns and data. All nenories are ad-
dressed on the Address Bus (ADRO-15) and, except for the D splay RAM
i nput data to the CPU on the Internal Data Bus (INTO-7). Data entry
into both RAMs is done on the Bidirectional Data Bus (D Q0-7).
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As can be seen, Sol's internal nenory consists of four con-
tiguous 1024-byte pages. There are two pages (CO and C4, hexadeci mal
or hex) of ROM with Page CO at hex addresses CO00 through C3FF and
Page C4 at hex addresses C400 through C7FF. System RAM (Page C8) is
at hex addresses C800 through CBFF, and Di splay RAM (Page CC) is at
hex addresses CCOO0 through CFFF.

The six high order bits of the address are decoded in the
Address Page and 1/0O Port Decoder to supply the required four nenory
page selection signals. The I/O Port Decoder portion of this cir-
cuit decodes the eight high order address bits to provide outputs
that control Data Input Miltiplexer switching, Data Bus Driver en-
abl enent and 1/ 0O port sel ection.

The video display section consists of the Video D splay Gen-
erator and Display RAM The RAMis a two-port nmenory, with the CPU
havi ng the higher priority. Screen refresh circuitry in the Video
Di spl ay Generator controls the second port to call up data as needed
for conversion by a character generator ROMinto video output signals.
O her circuitry generates horizontal and vertical sync and bl anking
signals as well as cursor and video polarity options.

A 1200 Hz signal, extracted fromdot clock by a divider in
the Video Display CGenerator, drives the Baud Rate Generator. This
generator supplies the receive and transmt clocks for the serial
data interface (SDI/UART) and provides ail frequencies required for
Baud rates between 75 and 9600. It also supplies clock signals to
the Cassette Data Interface (GD).

A UART controls data flow through the Serial Data Interface
(SDI/ UART) and provides for conpatibility between the Sol and a data
conmuni cati ons system be it RS-232 standard or a 20 ma current | oop
device. In the transmt node, parallel data on the Bidirectional
Data Bus is converted into serial formfor transm ssion. Received
serial data is converted in the receive node into parallel formfor
entry into the CPU on the Internal Data Bus. SDI/UART status is al so
reported to the CPU on the Internal Data Bus. The SDI/UART channel
is enabled by the port strobe fromthe Address Page and I/ O Port
Decoder .

Circuitry within the GD derives timng signals from cl ocks
supplied by the Baud Rate CGenerator. The Cassette Data UART func-
tions to 1) convert parallel data on the Bidirectional Data Bus into
serial audio signals for recording on cassette tape, and 2) convert
serial audio signals froma cassette recorder into parallel data for
entry into the CPU fromthe Internal Data Bus. Note that Cassette
Data UART status is also reported to the CPU on the Internal Data
Bus. Again, a UART perforns the necessary parallel-to-serial and
serial-to-parallel conversions. Oher GD circuitry performnms the
needed digital -to-audi o and audio-to-digital conversions and provides
the signals that allow notor control for two recorders. As with the
SDI / UART, the Cassette Data UART is enabled by a port strobe fromthe
Address Page and 1/0O Port Decoder.
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Qut put data fromthe CPU that is channel ed through the Paral -
lel Port (PP) is latched fromthe Bidirectional Data Bus by the par-
allel strobe fromthe Address Page and 1/O Port Decoder. This data
is made avail able at P2, the PP connector. Parallel input data
(PIDO-7) on P2, however, is fed directly to the Data I nput Milti-
pl exer for entry into the CPU

As can be seen, keyboard data (KBDO-7) fromJ3 is also fed
directly to the Data I nput Miltiplexer. The keyboard data ready
flag, though, is input to the CPU on the internal data bus.

The remaining internal source of data input to the CPUIis
the Sense Switch Logic, with the data being i nput on the Bidirec-
tional Data Bus. This is an eight-switch Dual Inline Package (D P)
array that lets the CPU read an eight-bit word when it issues the
sense switch strobe via the Address Page and I/ O Port Decoder. The
sense switch data source is available to interact with the user's
sof t war e.

CPU Support Logic accepts six control outputs fromthe CPU
status information fromthe CPU s data bus and control signals from
the Control Bus. It controls traffic on the data buses by generat-
ing signals to 1) select the type of internal or external device
(memory or 1/O that will have bus access and 2) assure that the de-
vice properly transfers data with the CPU

8.3.2 Typi cal System Qperation

Basi ¢ Sol systemoperation is as follows: The CPU fetches
an instruction and in accordance with that instruction issues an
activity command on the Control Bus, outputs a binary code on the
Address Bus to identify the menory | ocation or I/O device that is to
be involved in the activity, sends or receives data on the data bus
with the selected nenory |location or 1/0O device, and upon conpl etion
of the activity issues the next activity conmand.

Let's now | ook at sone typical operating sequences.

Keyboard Data Entry and Display. Assunme the "A" and SH FT
keys on the keyboard are pressed. The keyboard circuitry converts
the key closures into the 7-bit ASCII (Anerican Standard Code for
I nformation | nterchange) code for an "A" {1000001) and sends a key-
boar d-dat a-ready status signal to the CPU on the Internal Data Bus.
The nmonitor programin ROMrepetitively "l ooks" for the status
signal. Wen it finds this signal the programenters its keyboard
routi ne and enabl es the transfer by switching the Data I nput Milti-
pl exer to the keyboard bus via the Address Page and 1/ O Port Decoder

Fol | owi ng programinstructions, the CPU addresses the Display
RAM on the Address Bus to deterni ne where the next character is to

appear on the screen. It then stores the ASCII code for the "A" at
the appropriate location in the D splay RAM and adds one to the cur-
sor position in readi ness for the next character. (Addressing is
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done over the Address Bus; cursor position and the "A" enter the D s-
play RAM on the Bidirectional Data Bus.) The CPU is now finished
with the transfer, and will issue the next activity command.

VWhen the refresh control circuitry calls up (addresses) the
"A" fromthe D splay RAM the character generator ROM decodes the
ASCl | -coded "A" that is input fromthe D splay RAM and generates the
"A" dot pattern (see Figure 8-5 and 6) in parallel form The ROM
output is serialized into a video signal and conbined with a conpo-
site sync signal to provide an Electronic Industries Association
(EIA) conmposite video signal for display on an external video nonitor.

SDI / UART Transfer and Display. A data transfer through the
SDI/UART is simlar to a keyboard entry, but data can be transferred
in either direction.

Assune the SDI/UART wants to transfer an "A" froma nodemto
the CPU for display on a video nonitor. The ASCI| code for the "A",
received in serial formfromthe nodemon the serial data input of
the SDI connector (JI), is fed to the SDI/UART. |In the receiver sec-
tion of the UART the serial data is converted into parallel formand
placed in the UART's output register. The UART al so sends a "recei ved
data ready" status signal to the CPU on the Internal Data Bus. When
the programin ROM checks and finds the status signal, the program
enters the SDI routine, and enables the transfer by switching the
Data input Multiplexer to the Internal Data Bus. The "A" enters the
CPU on the Internal Data Bus and is sent to the Display RAMon the
Bidirectional Data Bus. Operations involved in displaying the "A"
are identical to a keyboard entry.

Now assune the CPU wants to send an "A' to the SDI/UART for
transm ssion. The CPU, under programcontrol, sends the SDI/UART
status i nput port strobe via the Address Page and I/ O Port Decoder
to the UART. In turn, the UART responds with its status on the Inter-
nal Data Bus. Assuming the UART is ready to transmt, the CPU pl aces
the ASCIlI code for the "A" on the Bidirectional Data Bus and sends
the SDI/UART data output port strobe which | oads the Bidirectional
Data Bus content into the UART's transmitter section. The "A" is
serialized by the UART and sent out the transmtted data pin of Jl.

8.4 POAER SUPPLY ClI RCUI T DESCRI PTI ON

Refer to the Sol - REG and Sol -10 or Sol -20 Power Supply Sche-
matics in Section X, Pages X-12, 13 and 14.

The Sol power supply consists of the Sol - REG regul at or and
either the Sol-10 or Sol -20 power supply conponents. An 8 V dc un-
regul ated supply in the Sol-20 is the only difference between the
two. We will, therefore, describe the complete Sol-10 supply fol -
| owed by the unregulated 8 V dc supply in the Sol -20.

VIII-6



PROCESSOR TECHNOLOGY CORPORATI ON

Sol THEORY OF OPERATI ON SECTION VI 1]

Fused primary power is applied through S5 to T1 (T2 in the
Sol -20). FwB1l, a full-wave bridge rectifier, is connected across
the 8-volt secondary (green leads). The rectified output is filtered
by C8 and applied to the collector of QL. Ql, a pass transistor, is
driven by @, with the two connected as a Darlington pair. The out-
put of QL is connected to R1 which serves as an overload current
sensor.

An overload current (approximately 4 anps) increases the
vol tage drop across RL. The difference is anplified in one-half of
U2 (an operational anplifier) and the output on pin 7 turns @ on.
@B in turn "steals" current fromQL-Q and diverts current fromthe
output on pin 1 of U2. This in effect turns the supply off to reduce
the current and voltage. Note that the circuit is not a constant
current regulator since the current is "fol ded back” by R6 and RS.
The current is reduced to about 1 anp as the output voltage falls
to zero.

Di vi der network R11 and R12, which is returned to -12 volts,
senses changes in the output voltage. |If the output voltage is 5
volts, the input on pin 2 of U2 is at zero volts. U2 provides a
positive output on pin 1 if pin 3 is nore positive than pin 2 and a
negative output for the opposite condition

VWhen the output voltage falls below 5 volts, pin 2 of U2
goes nore negative than pin 3. This nmeans pin 1 of U2 goes posi-
tive to supply nore current to the base of QL. The resulting in-
crease in current to the |oad causes the output voltage to rise
until it stabilizes at 5 volts. Should the output voltage rise above
5 volts, the circuit operates in a reverse nmanner to | ower the
vol t age.

Protecti on agai nst a serious over-voltage condition (nore
than 6 volts) is provided by SCR1, D1, R2, R13, R14 and C8. Zener
di ode, (Dl1), with a 5.1 zener voltage, is connected in series with
R13 and R2. Wen the output voltage exceeds about 6 volts, the re-
sulting voltage drop across R2 triggers SCRL to short the fol dback
current to ground. Since the overload current circuit is also work-
ing, the current through SCR1 is about 1 anp. Once the current is
removed, this circuit restores itself to its normal condition; that
is, SCR1 turns off. R13, R14 and C8 serve to slightly desensitize
the circuit so that it will not respond to snmall transient voltage
spi kes.

Bridge rectifier FWB2, connected across the other Tl second-
ary, supplies +12 and -12 V dc. The positive output of FWB2 is fil-
tered by C5 and regulated by IC regulator UL. The negative out put
is filtered by C4 and regulated by U3. Shunt diodes D3 and D4 pro-
tect UL and U3 agai nst di scharge of C6 and C7 when power is turned
off. (Note that should the -12 volt supply short to ground, the
+5 volt supply turns off by the action of U2.
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Unregul ated -16 and +16 V dc, at 1 anp, fromthe filtered
out puts of FWB2 are nmade available on term nals X6 and X5. These are
not used in the Sol-10, but they are supplied to the backpl ane board
in the Sol-20 to drive S-100 Bus nodul es.

In the case of the Sol -20, the power transfornmer (T2) has an
additional 8-volt secondary winding and a third bridge rectifier
(FWB3) to supply +8 V dc at 8 anps. The output of FWB3 is filtered
by C9 and controlled by bl eeder resistor R13. Again, this voltage is
supplied to the backpl ane board in the Sol -20.

Sol -20 al so includes a cooling fan powered by the AC |ine
vol t age.

8.5 Sol - PC Cl RCUI T DESCRI PTI ONS
8.5.1 CPU and Bus
Refer to the CPU and Bus Schematic in Section X, Page X-15.

A crystal, two inverter sections in W2 and four D flip-flops
(W90) and associ ated | ogi c make up the C ock Cenerator

The two W92 sections function as a free-running oscill ator
that runs at the crystal frequency of 14.31818 MHz. R133 and R134
drive these two sections of U92 into their linear regions, and C61
and 64 provide the required feedback |oop through the crystal. U77,
a permanently enabled tri-state non-inverting buffer/anplifier, fur-
ni shes a high drive capability.

Thi s fundanental clock frequency is fed directly to the Video
Di spl ay Generator and to the clock inputs of U90. W0 is a four-
stage register connected as a ring counter that is reset to zero when
power is applied to the Sol. This reset is acconplished with D8,
R104 and C39.

The bits contained in the ring counter shift one to the right
with every positive-going clock transition, but the output of the
| ast stage is inverted or "flipped" before being fed back to the input
In a sinple four-stage "flip-tail"” ring counter, the contents would
progress fromleft to right as follows: 1000, 1100, 1110, 1111, 0111
0011, 0001, 0000--on the first through eighth cl ocks respectively.
The hypot heti cal counter would go through eight states, dividing the
cl ock by eight.

The Sol counter, however, is a nodified flip-tail ring coun-
ter that can be configured to divide by one of three divisors--5, 6
or 7. This is made possible by using a two-i nput NAND gate (W91) in
t he feedback path and three junper options (no junper, D-to-C and
D-to-E) to alter the feedback path. Let's see how it works.
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Sol is normally configured with the D-to-E junper installed
to neet the clock requirements of the 8080A CPU. Wth this junper
installed, the outputs of the third and fourth U30 stages are applied
to pins 9 and 10 of W1. Assuming U30 is reset to zero, pin 8 of W91
is high, and on the first clock pulse the counter contents change to
1000. (Refer to 2.045 MHz d ocks portion of Figure 8-1 on Page
VII1-11.) Pin 8 of W1 cannot change until the fourth state (1111),
at which time it goes to zero. On the fifth clock pul se the counter
changes to 0111. Again, pin 8 of W1 cannot change from zero until
one of its inputs changes. As shown in Figure 8-1, the third U930
stage (C) changes on the seventh clock. The counter now stands at
0001, and on the eighth clock the counter flips to 1000 and the count
cycle repeats. The pattern is thus 1000, 1100, 1110, 1111, 0111
0011, 0001. W90 consequently goes through seven states. W have a
3.5-stage counter that divides DOT CLOCK by seven to supply a 2.045
MHz out put .

Wth no junper installed, pin 10 of W1 is pulled high by
R105, and W91 operates as a sinple inverter for feeding back the
output of the third U0 stage. In effect we have a three-stage coun-
ter that operates in a simlar manner to that described in the pre-
cedi ng paragraph. It gees through six states (100, 110, 111, 011
001, 000) to divide DOT CLOCK by six which produces a 2.386 Mz out-
put. The timng for this option is also shown in Figure 8-1.

Let's now put the D-to-C junper in. The feedback in this
case is the NAND conbi nation of the outputs fromthe second (B) and
third (C W0 stages. This gives us a 2.5-stage counter that divides
DOT CLOCK by five. As can be determined fromthe 2.863 MHz portion
of Figure 8-1, the counter has five states with this option, and the
count pattern is: 100, 110, 111, 011, 001

Qut puts from U0 are applied to the | ogic conprised of the
remai ning three sections in W1. This logic and the A-to-B junper
option permts extracting clock pul ses of varying widths and rel a-
tionships to each other fromvarious points within the counter. W

extract two clock signals: f1 on pin 6 of W1 and f2 on pin 11 of
W1. (The ability to select the frequency and pulse width for f1 and

f2 permits the use of either the 8080A, 8080A-1 or 8080A-2 CPU for
U105. The "A" version is the slowest speed unit, the "A-2" has
an internedi ate speed, and the "A-1" is the fastest.) Let's now

see how the pulse width of f1 and f2 are deternined

f1 on pin 6 of NAND gate U91 is low only when its two inputs
are high, and this happens only when there is a 1 in the second and
fourth stages of WU90. This occurs during the tinme between the fourth
and sixth fundamental clocks for 2.04 MHz operation--the fourth and
fifth clocks for 2.38 Mz and 2.86 Miz. Keeping in mnd that the
fundanmental clock period is 70 nsec, it is readily seen that the | ow
frequency pulse train on pin 6 of W1 has a pulse width of 140 nsec
and the two hi gher frequency pul se trains have a pul se width of 70
nsec. (Refer to Figure 8-1 on Page VIII-11.)
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The A-to-B junper is installed when the 8080A or 8080A-1 CPU

is used in the Sol. Note that the output (f2) on pin 11 of NAND gate
W91 is low only when the output on pin 3 of NOR gate W91 is high.
(This section in W1 is actually a two-input NAND gate which is func-
tionally the same as a two-input NOR gate.) Pin 3 of W1, with the
A-to-B junper in, is high when either the second (B) or third (C) U90
stage is at zero. As shown in Figure 8-1, this occurs between the
sixth and tenth DOT CLOCKS, or 280 nsec (4 x 70 nsec), for 2.04 Mz
operation. For 2.863 MHz, it occurs between the fifth and ei ghth
DOT CLOCKS for 210 nsec. The section of NAND gate W91 with its out-
put on pin 11 inverts the output on pin 3 of W1 and introduces a

slight delay to insure there is no overlap between f1 and f2.

Wth the A-to-B junper out, pin Il of W1 is |Iow only when
the second stage (B) of W90 is at zero. At 2.386 Mz, this occurs
between the fifth and eighth DOT CLOCKS for 210 nsec. This configu-
ration is used for the 8080A-2 CPU.

In summary, we have two non-overl appi ng pul se trains which
represent the 01 and 02 cl ocks required by the 8080 CPU, and the
pul se wi dths of these two clocks vary with frequency as foll ows:

FREQUENCY f1 PULSE W DTH f2 PULSE W DTH CPU
2.045 WHz 140 nsec 280 nsec 8080A
2.386 VHz 70 nsec 210 nsec 8080A- 2
2.863 VHz 70 nsec 210 nsec 8080A- 1

f1 and f2 are applied to S-100 Bus pins 25 and 24 respectively
t hrough inverters (U92) and bus drivers (U77). They are also capaci-
tively coupled to pins 2 and 4 respectively of driver Ul04, the phase
cl ock conditioner.

An additional clock, called CLOCK, is taken frompin 8 of

NAND gate W91. It occurs 70 nsec after f2. It is used on the Sol -PC
and is al so nade available on S-100 Bus pin 49 as a general 2.04,
2.38 or 2.86 MHz cl ock signal.

Three J-K flip-flops (U663 and 64) are used to synchroni ze the
READY, RESET and HOLD inputs to the CPU. All three are connected as
D-type flip-flops so that their outputs follow their inputs on the
lowto-high transition of the clock. The READY flip-flop input on
pins 2 and 3 of one section in U3 is either PRDY or XRDY fromthe
S-100 Bus; these are normally pulled high by R34 and R12 respectively.
S-100 Bus signal ! PRESET, which is normally pulled high by R55, inputs
the RESET flip-flop, the other section of U63. The HOLD flip-flop
(U64) input is P _HOLD, normally pulled high by R56, fromthe S 100
Bus. Pull up resistors R51, R50 and R53 insure that the high states
of these three flip-flops are adequate for the CPU.
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Di ode D7, A5 and R18 make up the POC (power on clear) cir-
cuit. Wen power is applied, 5 starts to charge slowy until it
reaches the threshold on pin 6 of U46, a Schmitt trigger. (By this
time the logic and 5 volt supply have stabilized. ) Wen the thresh-
old is reached, pin 1 of U46 suddenly goes low. The resulting output
on pin 8 of inverter W2 is initially low and then rapidly goes high
This signal is passed through a section of U77, a permanently enabl ed
noni nverting tri-state driver, as 'POCto S-100 Bus pin 99. It is
also inverted in a section of U45 to becone PCC

The output on pin 8 of W2 is also connected to pin 15 of
U63. Thus, pin 9 (RESET) of U3 is high to start the CPU in the
reset condition when the Sol is initially turned on

VWhen ! POC goes high, the RESET flip-flop section of U3 is
free to clock. Assuming !PRESET is not active, it will change state
on the first CLOCK transition. The resulting high on pins 10 and 5
of U63 cause pin 7 (READY) of W63 to go lowto place the CPUin the
not ready or wait state. This state is subsequently renoved on the
CLOCK transition followi ng the transition which renmoved the | ow from
pin 5 of U63. This helps prevent the CPU fromstarting in a crash
condi ti on.

The HOLD flip-flop (U64), however, is not affected by the POC
circuit, and was clocked to a low on pin 7 well before the RESET and
READY si gnal s becane acti ve.

Qperation of the POC circuit can also be initiated, w thout
turning the power off, by a keyboard restart signal on pin 13 of J3
or by closing S1-1 if the NNP junper is in. 1In either case, Cl5 is
di scharged through R58 and then allowed to recharge after ! KBD RESTART
is renoved or S1-1 i s opened.

I'POCC al so resets all stages of Dflip-flop U6 (the phantom
start-up circuit) to zero. On initial start-up, the CPU perforns
four fetch nmachine cycles (refer to Intel ® 8080 M croconmputer Sys-
tems User's Manual) in accordance with programinstructions. For
each fetch, the CPU outputs a DBIN on pin 17. U76, connected as a
four-stage shift register, is clocked by the inverted DBIN signal on
pin 3 of NOR gate U46. Thus, !PHANTOM on S-100 Bus pin 67, is active
| ow (assuming the F-to-G junper is in) for the first four fetches or
machi ne cycles. After the fourth DBIN, ! PHANTOM goes high. ! PHANTOM
is used to 1) disable any nenory addressed in Page 0 that has Proces-
sor Technol ogy’ s exclusive “Phantom Di sabl e” feature and 2) cause the
Sol program nenory (ROM), which nornmally responds to Page QG0 (hex) to
respond to Page 00 (hex). The second function is discussed in Para-
graph 8.5. 2.
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The inverted DBIN on pin 3 of U46 is also applied to pin 12
of NOR gate U46 and inverted to appear as PDBIN on S-100 Bus pin 78
This section of U46 also allows IDIGL (bus pin 57) to override DBIN
('DIGL is used when an external DMA device replaces the CPUin terns
of witing into and reading fromnenory.) The other CPU control sig-
nal s (SYNC, INTE, HLDA, WR and WAIT) are also fed to the S-100 Bus
pins as indicated. These, as well as DBIN or !D Gl, are placed on the
bus through tri-state drivers which are enabled by ¢ C DSB on S-100
Bus pin 19. Note that this signal is normally pulled high by R20.

The data lines of the CPU (DO-7) are bidirectional and are
used for several functions. One of these is to output status at the
start of each cycle which is marked by the SYNC output of the CPU
Status on DO-7 is latched in W3 and UL06 (each of which contains
four D flip-flops) when pin 8 of inverter U45 goes high. Status in-
formation, as identified on the schematic, is then buffered through
tri-state drivers U94 and UlO7 to the S-100 Bus. The status latch
strobe on pin 8 of U45 is extracted in the nmddle of the SYNC pul se

by gating PSYNC and !f2 in NAND gate U44. | STAT _DSB on S-100 Bus pin
18 is used to disable the W94 and U107 buffers when a DVA device or
anot her processor assunes control of the S-100 Bus.

A second function of DO-7 is to output data fromthe CPU to
the Bidirectional Data Bus. Data out of the CPUis placed on this
bus through tri-state drivers (U880 and U81). Note that these drivers
are normally enabled unless this bus is in the input node or an ex-
ternal device has control of the bus. In the latter case, ! DO DSB on
S-100 Bus pin 23 would be pulled low to make pin 8 of NOR gate W48
high. In the input node pin 8 of U48 is high because OUT_DSB is | ow
This signal is generated by decoding ! PAGE CC, MEM SEL, ! PORT_I N _FC
PORT_IN FD, INT_SEL to produce MPX ADR A and MPX _ADR B on pins 3 and
11 respectively of two NOR gates in U48. MPX ADR A and MPX ADR B are
decoded with 'DBIN on pin 5 of NAND gate U47.

The DO-7 bus lines are also used to input data to the CPU
Data input to the CPUis nultiplexed fromfour data buses with four
4-to-1 line multiplexers (U5, 66, 70 and 79). These four buses are
the: 1) Keyboard Data Bus, KDBO-7, 2) Parallel Input Data Bus,
PIDO-7, 3) Internal Data Bus, INTO-7, and 4) Bidirectional Data Bus,
Dl Q0- 7.

These data nultiplexers are tri-state devices, with their
outputs pulled up by R107 through R114 to a level that satisfies the
i nput requirements of the CPU. Their outputs are active only when
both their El and E2 (pins 1 and 15) are low. As can be seen, this
occurs only when I'DBIN on pin 3 of NOR gate U46 is low, that is, when
the DBI N output of the CPUis active to indicate its data bus is in
t he i nput node.
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I nput selection to the nultiplexers is done with the A and B
inputs to Ue5, 66, 78 and 79. These two inputs are driven by MPX_
ADR A on pin 3 of NOR gate W48 and MPX ADR B on pin Il of NOR gate
U48. There are four possible states for the conbinati on of MPX_ADR A
and _B, and their relation to input selection is as follows:

1. If both are active (high), the multiplexers select the
Bi di rectional Data Bus.

2. \Wen the keyboard is called up by the CPU, only
IPORT_IN FCis active (low) to nmake MPX ADR A low. This
sel ects the Keyboard Data Bus.

3. Wen the parallel port is called up by the CPU, only
IPORT_IN FD is active (low) to nmake MPX ADR B low. This
selects the Parallel Input Data Bus.

4. \Wen the CPU selects any I/O port that uses the Internal
Data Bus, only ' NT_SEL (pin 2 of U47 and U6l) is active.
Thus, both MPX ADR A and B are low to select the Internal
Dat a Bus.

Two ot her conditions, defined by ! PAGE CC on pin 2 and MEM SEL
on pin 1 of NAND gate U44, are possible. Wen any of the four nmenory
pages in the Sol are accessed, MEM SEL goes high and an inversion in
W44 (! PAGE_CC is normally high) appears as a low VPX ADR A and B to
select the Internal Data Bus. Should Page CC (the D splay RAM be
addressed, ! PAGE CC al so goes active (low) to override MEM SEL. MPX_
ADR A and _B are consequently high to select the Bidirectional Data
Bus. These two conditions are required since the ROM and System RAM
use the Internal Data Bus and the Di splay RAM uses the Bidirectional
Dat a Bus.

The address outputs of the CPU (AO0-15) are placed on the Ad-
dress Bus via tri-state drivers (U67, 68 and 81). These drivers are
normal |y enabled since pin 3 of inverter U49 is pulled high by R36.
I'ADD DSB on S-100 Bus pin 22 is used to disable the address drivers
when a DVA device or another CPU takes over the bus.

A 5.1 volt zener diode, D11, and a divider network conposed
of R130, 131 and 132 derive -5 V dc fromthe -12 V dc supply for use
by the CPU. Diode D12 and the sane divider supply -12 V dc to pin 3
of ULl04, the phase clock conditioner.

8.5.2 Menory and Decoder

Refer to the Menory and Decoder Schematic in Section X, Page

X-16.

VII-14



PROCESSOR TECHNOLOGY CORPORATI ON

Sol THEORY OF OPERATI ON SECTION VI 1]

The System RAM consists of eight 1K by 1 bit static nmenory
chips, U3 through U10, and it is assigned addresses C800- CBFF (hex).
VWhen the CPU wants to wite data into menory, it addresses the System
RAM on ADRO-15. ADRO-4 select the row inside the RAM chi ps, ADR5-9
sel ect the colum, and ADR10-15 select the page (in this case Page
C8, hex). Page selection enables the eight RAM chips on pin 13.

For a read operation, MARITE on S-100 Bus pin 68 is low, and the re-
sulting high on pin 3 (WE) of the RAM chi ps keeps themin the read
node. Thus, data on the Bidirectional Data Bus is read into the
PRAM S on their D1 (pin 11) inputs. MARITE is high, however, during
the tine the CPU wants to wite data into menory. 1In this case, pin
3 of the RAMs is lowto enable themto accept data fromthe Bidirec-
tional Data Bus.

The ROMis al so addressed on ADRO-15 as is the System RAM
Since there can be two pages, however, two enable lines (one for Page
CO, hex, and the other for C4, hex) are provided. The CO and C4
enabl es are connected to pins A6 and A5 respectively of J5, the Per-
sonality Modul e connector. Unlike the RAM the ROM can only read
data into the CPU, so the previously discussed MARI TE signal is not
needed. Data out of the ROMis output on the Internal Data Bus on
pins A3, A4 and B5-10 of J5.

ADR10- 15 are input to the Address Page and Port Decoder (U34,
35, 36 and their associated logic). U34 (Address Page), U35 (Cutput
Port) and U36 (Input Port) are 3-to-8 |line decoders which have three
enabl e inputs (Gl, QA and &B). Gl nust be high and both GA and B
must be low in order to obtain an active output.

Let's |l ook at the Address Page Decoder, U34, first. It nust
be able to decode four pages: @0 and C4 (ROM, C8 (System RAM and
CC (Display RAM. (Note that these are the hexadecimal digits of the
six high order address bits, ADR10-15).

The high order four bits (ADR12-15) nust be 1100 (C, hex) in
all cases by virtue of the U22 exclusive OR1logic. |If they are not,
the GL enable on U34 is low to disable that decoder. Bits ADRLO and
11 (The A and B inputs to U34) are the high order bits of the second
hexadeci mal digit which nmust be 00 (0, hex), 01 (4, hex), 10 (8, hex)
or 11 (12, hex) if U34 is to have an active output. For CO, pin 11
of U34 is active (low); for C4, pin 10 is active; for C8 pin 9 is ac-
tive; and for CCpin 7 is active. These outputs are applied to the
appropriate nenories and al so provide the MEM SEL signal on pin 6 of
one section in U23. (This section is actually a 4-input NAND gate
which is functionally the same as a 4-input NOR gate.)

Note that the W2 logic input with ADR14 and 15 is al so con-
nected to ! PHANTOM Wen this signal is active (low), the output on
pins 3 and 11 will be low to disable U34 when ADR12-15 represent a
C. If Page 0 is addressed, however, pins 3 and 11 of U22 are high
and this, coupled with | ows on ADR10-13, are decoded by U34 as an
active output on pin 11. The ROMw Il consequently respond to ad-
dresses in Page 0 and Q0 (hex) as long as !PHANTOM i s active
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The other two enables on U34 (&A and &B) are connected to
SINP and SQUT. These two status signals indicate an input or output
operation during the CPU cycle. U34 is therefore disabled during
t hese operati ons.

SINP and SOUT are also fed to pins 5 and 6 of NOR gate U53
whi ch detects an input or output operation. Its output is inverted
by U554 and applied to pin 9 of another U53 NOR gate. The ot her input
(pin 8 to U3 is MEMSEL. So during a nmenory reference, input oper-
ation or output operation, pin 10 of U53 is active to enable the PRDY

driver, U71. The low on pin 10 of U53 is also clocked by f2 as a
high to pin 7 of Ur0, a J-!K flip-flop that is connected as a D flip-

flop. Note that the ! (PSYNC & !f2) signal on pin 5 of U70 forces U70 to
set during the mddle of PSYNC (refer to CPU and Bus di scussion). U70
cannot clock until pin 5 is released, and this occurs sinultaneously

with the lowto-high transition of f2. PRDY is thus |ow inmediately
after pin 10 of U53 goes low and remains in that state fromthe m d-

dle of PSYNC to the first positive-going f2 after PSYNC. This is the
time the CPU tests the status of the ready Iines (PRDY and XRDY). |If
either is low, the CPU enters a WAIT state. U53, 70 and 71 thus
guarantees that the CPU enters one WAIT state during cycles in which
an input, output or nenory reference is made.

U35 and 36, the Qutput and I nput Port Decoders respectively,
decode t he higher order eight address bits (ADR3-15).

Al Sol ports have a hexadecimal F (1111) in their high order
four bits (ADRL2-15 are 1's). The second hexadecimal digit is also
never |less than eight. This nmeans that ADR11 is al ways 1for a
port address. These five address bits are thus NAND gated in U23 to
provi de one of the enables on U35 and 36. Note that the ADR14-15
conbination is derived fromthe output on pins 3 and 11 of the W22
exclusive ORlogic. This is permssible since no I/O operations are
performed during the first four start-up cycles of the CPU

The A, B, and Cinputs to U35 and 36 (ADR3, 9 and 10 respec-
tively) specify the second hexadecimal digit in the port address and
are decoded to supply the indicated outputs. These outputs and their
functions are defined in Table 8-1. U36 is enabled to decode when
PDBI N and SINP are active; that is, during an input operation. U35
i s enabl ed when SOQUT and !PWR are active; that is, during an out put
operati on.

INT_SEL on pin 8 of inverter U383 is the remaining signal gen-
erated by the Input Port Decoder circuit. This signal is active when
either input port F8, F9, FA or FB is decoded by U36.

Bot h the address page and i nput/out put decoders can be dis-
abl ed by SINTA (S-100 Bus pin 96) when the AE-to-AC and AB-to-AD
junpers are installed. SINTA is active (high) when the CPUis re-
sponding to an interrupt. Should an external device issue addresses
during this tine, any nenory response would interfere with the
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Decoder (U35 & U36) Qutputs and Their Functions.

PORT DECODER OUTPUT

FUNCTI ON

TPORT_OUT_FE
| PORT_OUT_FD
| PORT_OUT_FB
| PORT_OUT_FA
| PORT_OUT_F9
| PORT_OUT_F8
| PORT | N_FF
| PORT | N_FE
| PORT | N_FD
| PORT | N_FC
| PORT | N_FB
| PORT | N_FA
| PORT_| N_F9
| PORT | N_F8

Loads starting row address and first display
line position information from Bidirectional
Data Bus into Video Display scroll circuit.

Clocks data fromBidirectional Data Bus to
out put data pins of PP connector.

Loads data fromBidirectional Data Bus into
Cassette Data UART.

Cl ocks PP and CDI control bits from
Bi di recti onal Data Bus.

Loads data fromBidirectional Data Bus into
SDI UART.

O ocks RTS (request to send) frombit 4 of
Bidirectional Data Bus to pin 4 of SDI
connect or.

Permits CPU to read data byte entered from
Sense Switches.

Pl aces Video Display scroll timer and screen
position status on bits 0 and 1 of
Bi di rectional Data Bus.

Switches Data Input Miltiplexer to input
data pins of PP connector and resets PP at
end of a transfer to ready it for another.

Switches Data Input Miltiplexer to Keyboard
Dat a Bus.

Strobes received data in CDI UART to
I nternal data Bus.

Pl aces PP, keyboard and CDI UART status on
Internal Data Bus.

Strobes received data in SDI UART to
I nternal Data Bus.

Pl aces SDI UART status on Internal Data Bus.
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interrupt operation. To prevent this, SINTAis inverted in U58 to 1)
di sable U34 on pin 6 and 2) force pin 8 of NAND gate U23 high to dis-
able U35 and U36 on pin 5. (This feature is provided to enable fu-
ture versions of Sol to operate with a vectored interrupt system)

8.5.3 I nput / Qut put
Refer to the Input/Qutput Schematic In Section X, Page X-17.

This section in the Sol has five functional circuits: 1)
Parallel 1/0O Logic, 2) Sense Switch Logic, 3) Keyboard Flag Logic
4) SDI/UART and 5) Baud Rate Cenerator

The PP uses W95 and 96 (4-bit D-type registers) and their re-
|ated logic. Data output to the PP connector (J2) is latched from
DI Q-7 by W5 and U96. Data is strobed into these registers on the
| eadi ng edge of an inverted active ! PORT_QUT_FD signal on pin 4 of in-
verter Us4. This strobe is also applied to pin 2 of U773 which func-

tions as a J-K flip-flop that is clocked by !'f2. \Wen the !f2 goes
fromlowto high 200 to 300 nsec after !'PORT_QUT_FD, pin 7 of Ur3 goes
low to become 'POL on pin 17 of J2. (This delay allows W5 and 96 to
stabilize.) Ur3 is reset in the mddle of the follow ng PSYNC whi ch
means !POL is active for the bal ance of the cycle.

The outputs of W95 and 96 are tri-state outputs that are ena-
bled by a low on pin 2. In the absence of POE at pin 15 of J2, pin 2
of W5 and 96 are low by virtue of the output on pin 8 of inverter U55.
Note that the input to Us5 is normally pulled up through R63. The POCE
provision pernmits tri-stating an external bidirectional data bus.

As di scussed in Paragraph 8.5.1, parallel input data on J2 is
fed directly to the Data I nput Miltiplexer (see Page X-15). The
strobe that indicates the presence of input data, !PDR on pin 4 of J2,
is applied to pins 2 and 3 of one section in U72, a J-!Kflip-flop
which is connected as a D flip-flop. Wen !PDR goes active (low, pin

7 of U72 will go high on the next lowto-high transition of f2 to
toggle the following U2 stage. At this point pins 9 and 10 of the
second section in U72 go high and | ow respectively. Pin 9 supplies
Pl AK on pin 5 of J2. When high, PIAK signals the external device
that Sol has yet to conplete acceptance of the data. The state of
pin 10 of U72 is transmitted to INT1 of the Internal Data Bus through
a U7l tri-state noninverting buffer. U7l is enabled only for the
duration of 'PORT_IN FA (auxiliary status). During the time U7l is
enabl ed, the CPU reads the Internal Data Bus. A high INT1 indicates
the parallel input data is not ready; a low indicates the data is
ready.

The second U72 flip-flop is preset by !'PORT_IN_FD or POC
IPORT_IN FD is active to read data in fromthe PP; POC occurs only
when Sol is restarted or power is turned on. Thus the PP is reset
and ready for another transfer at the end of a transfer or when POC
is active.
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PXDR on pin 16 of J2 is supplied by the external device. It
i ndicates the device is ready to receive data. !PXDR is buffered to
INT2 and will effect the transfer of data to the Internal Data Bus
during the status input to the CPU. !PXDR is anal ogous to the pre-
vi ously di scussed PI AK si gnal .

Sense Switches S2-1 through 8 are driven by ! PORT_I N FF when
it islow Thus, the DIOlines connected to closed switches are
driven low, and those connected to open swi tches are pulled high.

W97 (a 4-bit D-type register) and one section of Us2 (a J-!'K
flip-flop connected as a Dflip-flop) latch five bits of data on
D103-7 when ! PORT_QUT_FA goes active. These bits, which supply the
i ndi cated outputs, control conditions in both the PP and CDI. Wth
respect to the PP, PIE enables parallel input, and PUS selects the
paral l el device for the transfer. The data in these two |atches re-
mains until either a new word is read out or POC goes acti ve.

Al so during ! PORT_QUT_FA, the keyboard flag is reported.
I KEYBOARD DATA READY on pin 3 of J3 is a low going pulse 1 to 10 usec
in duration. It is applied to pin 13 of J-!'K flip-flop U70. Sone
time after pin 13 of U70 goes |ow, but before 500 nsec, U70 is set

by f2 and pin 10 goes low. This lowis buffered through U71 to | NTO
to indicate the keyboard is ready to send data. Reset of U70 occurs
with a POC or by 'PORT_IN FC. The latter occurs when data is accepted
fromthe keyboard.

The other half of flip-flop U52, with its output on pin 6,
| atches one bit of status, D104, when !PORT _OUT F8 is active. |Its
output is applied to pin 5 of one operational anmplifier section in
Us6 to become the SRTS (request to send) signal on pin 4 of J1, the
SDI connect or.

The SDI/UART centers around a UART, U51. The UART transm s-
sion conditions (parity, word I ength and stop bits) are determ ned by
the settings of S4-1 through 5. (Refer to Paragraphs 7.5.8 through
7.5.10 in Section VIl for descriptions of the switch settings and
their effect on transm ssion.

Data destined to | eave Sol through the SDI/UART enters the
UART on its TI1-6 inputs fromthe Bidirectional Data Bus when TBRL
(pin 23) is low, that is, when ! PORT_QUT_F9 goes active. Circuitry
within the UART serializes the input data, which is in parallel form
and outputs it on pin 25 at a rate determ ned by the clock on pin 40.
The binary states at pin 25 are low for a zero and high for a one.
Assuming Sol is not in local operation ("off line"), the output on
pin 25 of the UART is applied to pins 2 and 11 of J1 via two gates in
Us5 and the other half of U56.
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Data that enters Sol through the SDI/UART on pins 3, 12 or 13
of J1 is input to the SDI UART on pin 20 by way of U38, an inverting
| evel converter that converts data levels of up to 25 volts to TTL
levels. (Note that current |loop data on pin 12 or 13 of J1 is first
rectified before it is applied to U38.) The UART converts this serial
data into parallel formand outputs it on ROL through RO8 (pins 12
through 5 respectively) to the Internal Data Bus when ROD (pin 4) is
low, that is, when !'PORT_IN_F9 goes active.

The receive-transmt clock for the SDI UART is supplied by
the Baud Rate Generator (U84, U85, U6 and their associated circui-
try). U85 is a phase locked |oop, U86 is a 7-stage binary counter
and Ud4 is connected as a divide-by-11 counter. The 1200 Hz refer-
ence signal applied to pin 14 of U85 is supplied fromthe Video D s-
pl ay Generator. A phase conparator in U35 conpares this signal to
the output of a voltage controlled oscillator (VCO in U35. By feed-
ing an output fromU86 (in this case the 1200 Hz output on pin 3)
back to the conpare input (pin 3) of U85, the circuit acts as a fre-
quency nultiplier. The output (pin 4) of U85 remains |ocked, there-
fore, toanmnultiple of its input on pin 14. 1In this case we have a
128X nultiplier to generate 153.6 KHz which is counted down in U86.
Since UB6 is a 7-stage binary counter, the first stage output (pin
12) is 76.8 KHz (one-half of 153.6 KHz, the clock for U36), the se-
cond stage output (pin 11) is 38.4 KHz (one-fourth of 153.6 KHz),
the third stage output (pin 9) is 19.2 KHz (one-eighth of 153.6 KHz),
and so on to the seventh stage output (pin 3) which is 1.2 KHz (1/128
of 153.6 KHz).

Wth the exception of outputs on pins 12 and 9, the outputs
of U6 are connected to S3, the Baud Rate Switch. The 19.2 KHz out-
put on pin 9 is divided by 11 in U34 to supply 1745 Hz to S3-2. The
38.4 KHz on pin 12 can be connected to S3-8 instead of the 153.6 Hz
clock by cutting the L-Mconnection and installing a junmper between K
and M

Let's now translate the frequencies input to S3 into Baud
rates. The Baud rate of a UART is 1/16 of its clock rate. Thus, a
1200 Hz clock equates to a 75 Baud transmi ssion rate, a 1745 Hz cl ock

equates to a 109.1 (110) Baud rate, etc. It is nowreadily seen that
the Baud rate available with S3-8 is 9600 assum ng the L-M connection
is made (153.6 KHz - 16 = 9600). (The L-M connection is default

wired on the Sol-PC, that is, there is a trace between L and Mon the
circuit board. ) If the L-Mtrace is cut and a junper is installed
between K and M the Baud rate with S3-8 is 4800 (76.8 KHz - 16 =
4800) .

We can thus sel ect any one of eight clock frequencies for the
SDI UART with S3, with the highest being determined by the K L and M
j unper arrangemnent. The selected clock is applied to both the re-
ceive and transmt clock inputs (pins 17 and 40 respectively) of the
UART. This neans, of course, that the UART al ways receives and trans-
mts at the same Baud Rate
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Returning to the SDI UART, we see that its transmtter output
on pin 25 is applied to pin 5 of Us5, a two-input NAND gate that is
functionally a NOR gate. It is normally enabled on pin 4 by pull-up
resistor R44. A lowon pin 5 represents a binary 0; a high repre-
sents a binary 1. The inverted output on pin 6 of U55 is again
inverted (assuming Sol is not operating in Local) by the foll ow ng
US5 NAND gate. One-half of operational anplifier U56, operating open
| oop, converts TTL levels to RS-232 levels (5 to 15 volts). Pin 3 of
Us6 is held at +2.5 V dc by the R47 and R48 divider network. \Wen
pin 2 is nore negative than pin 3, the output on pin 1 of U56, which
is fed to pin 2 of J1, is at approximately +10 volts. For the oppo-
site condition, pin 2 of J1 is about -10 volts. Thus, U56 al so
inverts, and a high or lowon pin 2 of J1 represent a binary 1 and O
respectively.

Two conditions can override transmtted data: a keyboard
break (!BRK) or local (!KBD LOC) command. For a break conmand, !BRK on
pin 4 of J3 and pin 4 of NOR gate Us5, is lowto hold pin 6 of Us5
high for the duration of the !BRK signal. This appears as a "space"
or high level, on pin 2 of J1. (A space, or break, condition re-
quires that the space |level exist for a period |onger than the normal
length of a character.) |In the case of a 'KBD LOC comand fromthe
keyboard, pins 1 and 13 of the other two U55 sections are |ow. Thus,
data cannot be transmitted to pin 3 of NAND gate UsS5, and pin 11 of
NOR gate US55 is held high to enable tri-state driver U37 at pin 15.
Data on pin 6 of US55 is consequently | ooped back by way of U37 and
R21 to pin 12 of U38. Data on pin 12 of U38 overrides any data ar-
riving at pin 13 of U38. 1In local operation, therefore, data from
pin 25 of the UART does not appear at pin 2 of J1, but it is |ooped
back to the receiver input (pin 20) of the UART via U37, R21 and U38.

Notice that data on pin 25 of the UART will al so be | ooped
back if S4-6 is closed (half duplex operation). But in this case,
data fromthe UART is also fed to pin 2 of J1

Serial data fromthe UART that appears at pin 1 of U56 al so
drives transistor QL by way of R45 and R46 to supply the serial cur-
rent |oop output (SCLO on pin 11 of J1. QL supplies 20 ma. (max.)
current for a binary 1 and no current for a binary O.

Pin 23 of J1 (connected through R23 to +12 V dc) is the
serial loop current source (SLCS). It can supply up to 20 ma of
current to ground and is used when the external current |oop device
has no current source.

Data received froma current | oop device enters Sol on pins
12 and 13 of J1 in the formof no current for a 0 and 20 ma of cur-
rent for a 1. This input is rectified by bridge rectifier D3-D6 and
applied to a light emtting diode (LED) in optical isolator U39. As
its name inplies, U39 electrically isolates the current loop circuit
fromthe rest of the Sol. (This isolation permts a high offset
voltage on pins 12 and 13 of J1.) For a 1, the LED is energized, and
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the light is optically coupled to the base of a photo transistor in
U39 to cause the transistor to conduct. Conduction translates to a
low, or mark, level at the input (pin 13) of U38. Since both the
current |oop and RS-232 received data (SLR1/SLR2 and SRD respectively)
share the input to U38, both should not be used sinultaneously.

There are five external control signals in the RS-232 section
of the SDI/UART: two are sent to the external device (SRTS and SDTR),
and three are received fromthe device (SCTS, SCD and SDSR).

SRTS on pin 4 of J1 was discussed earlier. SDIR (serial data
termnal ready) is sinply tied to +12 V dc through R24. This indi-
cates to the external device that Sol is connected to it.

SCTS (serial clear to send), SCD (serial carrier detect) and
SDSR (serial data set ready) indicate status of the external device.
They enter Sol on pins 5, 8 and 6 of J1 respectively, and all three
are active high. Following | evel conversion and inversion in line re-
ceivers U38, data on these lines is gated through noninverting tri-
state buffers U37 to the Internal Data Bus when !PORT IN F8 is active.

I'PORT_IN F8 al so enables five bits of UART status to be re-
ported over the Internal Data Bus. These are PE, FE, OE, DR and TBRE
on pins 13, 14, 15, 19 and 22 respectively of the UART. They are de-
fined as foll ows:

PE: Parity Error--received parity does not conpare to
that progranmmed. (Bit |NT2)

FE: Frami ng Error--valid stop bit not received when
expected. (Bit |INT3)

CE: Overrun Error--CPU did not accept data before it
was replaced with additional data. (Bit |NT4)

DR: Dat a Ready--data received by UART is avail able
when requested. (Bit |NT6)

TBRE: Transmitter Buffer Register Enpty--UART is ready
to accept another word fromthe Bidirectiona
Data Bus. (Bit INT7)

8.5.4 Di spl ay Section

An under st andi ng of how characters are forned on the video
monitor will help you follow operation of the display section

The nonitor screen can be thought of as a |large matrix of
small light elements, or dots, that can be turned on and off. In
this context the overall video presentation consists of Iight and
dark dots.
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In the Sol, the display format is 64 characters maxi num per
character row, with a maxi mum of 16 rows per frane (page). Thus,
up to 1024 characters can be di spl ayed per page.

A 9x13 (colums by lines) dot area, or character position,
is alloted on the nonitor screen for each di splayed character (see
Figures 8-2 and 8-3 on Page VII1-24). Consequently, each character
row consi sting of sixty-four 9 x 13 dot areas requires 13 horizonta
scan lines. To provide spaci ng between both characters and rows,
only 12 dot |ines and seven dot columms within the 9 x 13 matrix are
used for character display. Only nine of the avail able 12 dot I|i nes,
however, are used for any given character

Let's take a closer ook at howthe 9 x 13 dot matrix is used.
The first seven dot columms are available for all character displays;
the last two are used to provide a space between characters. The
first dot line in a character rowis always blank to provide a space
bet ween character rows. As shown in Figure 8-2, the second through
tenth dot lines are available for all upper case (capital) and con-
trol characters, all synbol and punctuation marks (except the comma
and sem colon), and all |ower case characters (except the g, j, p,
g and y). As shown in Figure 8-3, dot lines five through 13 are
avail abl e to display characters that normally extend bel ow t he base
line--lower case g, j, p, g and y plus the comma and semn col on

Now t hat we have a feeling for how characters are formed on
the video nonitor screen, we will nove on to the circuit description

Refer to Display Section Schematic in Section X, Page X-18.

The 14.31818 MHz DOT_CLOCK, which defines the period of one
dot (69.8 nsec) in a character display matrix, controls all timng
in the Video Display Generator. DOI_CLOCK is applied to pin 2 of
U28, a four-bit binary counter that is preset to count from seven
through 15 to divide DOI_CLOCK by nine. Two 1.591 Mz outputs are
supplied by U28: LOAD CLOCK on pin 11 and ! CHARACTER CLOCK on pin 12.
Pin 11 is a |lowactive pul se of one DOT_CLOCK duration. Pin 12 is
high for five and low for four DOT_CLOCK periods. Both the LOAD_ and
I CHARACTER_CLOCK | owto-high transitions occur synchronously on the
sanme DOT_CLOCK

I CHARACTER_CLOCK, which defines the period of one character
position (628 nsec), is inverted in U49 to becone CHARACTER CLOCK
It performs nost of the clocking functions in the Video D splay Gen-
erator and is made available on pin 4 of J4 for use by externa
graphi c di splay devices.

CHARACTER CLOCK is in turn divided in U31 and U33, both of
which are presettable four-bit binary counters. Both start at count
3 when pin 8 of NAND gate U47 is |ow, and together they count 102
CHARACTER_CLOCKS to define horizontal timng at 64 usec (102 x 628
nsec = 64 usec).
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Sol

CHARACTER
ADDRESS*

1001001
7]
7]
7]
7]
7]
Ya
Ya
Y
Y

1001001

*7-bit ASClI

Fi gure 8-2.

CHARACTER
ADDRESS*

1110000
Ya
Ya
Ya
Ya
Ya
7]
7]
7]
Ya

1110000

*7-bit ASClI

Fi gure 8-3.

PROCESSOR TECHNOLOGY CORPORATI ON

LI NE
ADDRESS

1111
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001

1010
1011

code for

THEORY OF OPERATI ON

SECTION VI |

123456789 VIDEOIN-ORVATION BITS

SCAN

LI NE COLUWN NO

NO.

1 000000000
2 O##### 000
3 O0OO0O#000O0O0
4 O0OO0O#000O0O0
5 O0OO0O#000O0O0
6 O0OO0O#000O0O0
7 O0OO0O#000O0O0
8 O0OO0O#000O0O0
9 O0OO0O#000O0O0
10 O##### 000
11 000000000
12 000000000
13 000000000

Exampl e of uppercase character

000000000 ( bl ank)
011111000
000100000
000100000
000100000
000100000
000100000
000100000
000100000
011111000
000000000 ( bl ank)

000000000 ( bl ank)
000000000 ( bl ank)

# = illum nated dot

(1) display.

123456789 VIDEOIN-ORVATION BITS

SCAN
LI NE LI NE COLUWN NO.
ADDRESS NO

1111 1 O0O0O0O0O000O0
0000 2 O0O0O0O0O000O0
0001 3 O0O0O0O0O000O0
0010 4 O0O0O0O0O0O0O0O0
0011 5 #O### 000O0
0100 6 ##O000# 00O
0101 7 #0O000O0O# 00O
0110 8 #0O000O0O# 00O
0111 9 ##O000# 00O
1000 10 #O###000O0
1001 11 #0000000O
1010 12 #0000000O
1011 13 #0000000O
code for p

Exampl e of | owercase character

VIII-24

000000000 ( bl ank)
000000000 ( bl ank)
000000000 ( bl ank)
000000000 ( bl ank)
101110000
110001000
100001000
100001000
110001000
101110000
100000000

100000000
100000000

# = illum nated dot

(p) display.



PROCESSOR TECHNOLOGY CORPORATI ON

Sol THEORY OF OPERATI ON SECTION VI 1]

As indicated in Figure 8-4 on Page VII1-27, Subgroup Counter
U3l and G oup Counter U33 are preset to a count of 3 at the start of
each horizontal scan line. U3l counts from 3 through 15 (13 charac-
ter positions) and enables U33 for one count. U31 then counts O
t hrough 15 and enabl es U33 for the second count. The sequence con-
tinues through four nmore groups of 16 character positions, and at
this point U33 is at its sixth count (a binary 9). Thus, pins 11 and
14 are high at pins 10 and 11 of U47. U3l continues to count fromO
and on the ninth count (a binary 8) pin 9 of W47 goes high. The re-
sulting low on output pin 8 of U47 loads three into U31 and U33, and
the cycle repeats. The U31-U33 cycle) frompreset, is then 13, 16,
16, 16, 16, 16 and 9 character position counts for a total of 102.

The @ output on pin 11 of U33 is SCAN _ADV, and the QC out put
on pin 12 is HDI SP. SCAN ADV is used to generate horizontal synchro-
ni zation signals, and HD SP defines the start of the display portion
of the horizontal scan |ine.

Four outputs from U3l and the two | ow order outputs of U33
(pins 13 and 14) are input to the Character Address Miltipl exer, U30
and U32, which supplies the | ow order six address bits to the D splay
RAM (U14 through U21). The second address source for the D splay RAM
is the Address Bus, bits ADRO-5. Address source selection is con-
trolled by the output on pin 7 of Dflip-flop U75. Pin 7 of U75 goes

hi gh when ! PAGE_CC (the Display RAM is active and ! (PSYNC & !f2) goes
high (which it does in the mddle of PSYNC). Pin 7 of U/5 renains
high for the rest of the nenory access cycle.

The preset signal (pin 8 of U47) to U31 and U33 is applied to
the Scan Counter (WO via inverter U87. U40 counts the horizonta
scan lines that make up a row of characters and supplies the |ine
nunber to U25, the Character Generator ROM (This ROMis di scussed
later.) W40 is preset to a count of 15 for the first scan line in
the character row It then counts fromO through 11. On count 11
SCAN _ENABLE on pin 8 of W7 is inverted in U37 to disable the Scan
Counter. A decoder, conprised of NAND gates U59 and U60, decodes the
13th count (count 11) in U40 and SCAN ENABLE to supply a | oad pul se
to pin 9 of W40. This resets U40 to a count of 15, and the cycle re-
peats. (Presetting the Scan Counter to a count of 15 permts the
Character Generator ROMto provide a blank spacer |ine between char-
acter rows since line 15 in the ROMis al ways bl ank.)

The output on pin 8 of NAND gate Us59, after inversion in U87,
becomes the OVERFLOWLINE signal. This signal occurs after each
character row and appears at pins 7 and 10 of Text Counter U62 to
enable it to count. Thus, the Text Counter counts character rows.

It resets itself with its carry output (pin 15) through another in-
verter in UB7, with the reset count being determ ned by the state on
pin 10 (VDI SP) of J-IK flip-flop U43. If VDISP is |low, the Text
Counter resets to a count of O; if VDISP is high, it resets to a
count of 12.
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Assunme VDI SP is active (low), which it is during the vertica

di splay portion of the displayable area on the screen. (Refer to
Figure 8-4.) U62 is then preset to a count of 0 and will count from
O through 15 (16 character rows). The resulting carry output on

count 15 of the Text Counter causes the W43 VDISP flip-flop to toggle.
It also appears as a |low on the I oad input of the Text Counter. The
Text Counter is also enabled to reset by virtue of the OVERFLOW LI NE
going low after the reset of the Scan Counter. Since VDISP is now

hi gh, the Text Counter is reset to a count of 12 and will count 12

t hrough 15 (four character rows). The carry output fromthe Text
Counter then causes the W3 VDISP flip-flop to toggle, and the Text
Counter is reset to a count of 0. W can now see that the Text Count-
er counts 16 character rows when the display is active (VDISP is | ow)
and four character rows when the display is blanked (VDI SP is high).
The total of 20 character rows represents a full display of 260 scan
lines for 60 Hz operation (13 scan lines/row x 20 rows = 260 scan

i nes per page).

Hori zontal and vertical synchronization signals are generated

by two one-shot multivibrators consisting of three two-input NOR gates
in Ul02. Horizontal sync is triggered by SCAN ADVANCE and vertica
sync by 'VDISP. Both circuits generate fixed-1ength sync pul ses with
adjustable starting tines. C52 determines the length of the horizon-
tal sync pul se and C53 the length of the vertical sync pul se. The
starting tines, with respect to triggering, are variable with vari-
able resistors VRL (HORI Z) and VR2 (VERT) to provide continuous

adj ustment of the display position on the screen. An exclusive OR
gate in U774 conbines the two sync pulses into a conposite sync (COWP_
SYNC) signal. Note that the use of the exclusive ORinverts the hor-
i zontal sync pul ses when the vertical sync pul se appears. Si nce
vertical sync information is extracted in a nonitor by an integrating,
or averagi ng, process, this technique maintains horizontal synchro-

ni zation during the vertical sync period.

Two types of blanking are avail able: control character bl ank-

ing and video bl anking. The first blanks control characters and
causes cursor information to be displayed in their place. Video bl ank-
ing forces portions of the video display to a white or black |evel,
dependi ng on whet her normal or reverse video is selected with S1-4.

Control character blanking, switch selectable with S1-3, is
acconpl i shed with one NAND gate in U660 and one NAND gate in U6l.
VWhen a control character is present in the Data Latch (U26 and U27),
pins 3 and 15 of W26 are high. Assumi ng the blanking option is se-
lected (S1-3 closed), the output of UsO (!LOAD CLOCK) is gated with
the control character bits by U6l to clear the video parallel-to-
serial converter, U41. U41 then |l oads all zeros instead of the
character.

Video blanking is initiated by the PRE BLANK or COVP_BLANK

(pin 14 of Blank Latch U42) inputs to U59, a three-input NOR gate
The third input, the video output on pin 6 of exclusive OR gate U74,
i s bl anked when any of the two bl anking inputs is active.
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The PRE_BLANK i nput provides "wi ndow shade" bl anking which is
anal ogous to pulling a wi ndow shade down fromthe top of the display.
PRE BLANK is generated in one half of J-!Kflip-flop W43. W3 is re-
set by the TC output of First Screen Position Counter, Ull, and set
by VDI SP. The output on pin 7 of Ull is generated by the scrolling
circuitry (to be discussed later) and defines the character row for
whi ch the "wi ndow shade” ends. It may begin with any character row
fromzero through 14.

The remai ni ng vi deo bl anki ng function concerns the output on
pin 14 of Dflip-flop W2. This signal, COW_BLANK, is a conposite
of HDI SP and VDI SP

Since there is a two character tine delay between Di splay RAM
addressing and the correspondi ng vi deo output on pin 6 of exclusive
OR gate Ur4, the horizontal and vertical blanking signals must be de-
| ayed an equal amount. U42, connected as a two-stage shift register
functions to shift the blanking into synchronization with the video.
Since W2 is clocked by LOAD CLOCK (which has a period equal to one
character tine), COW_BLANK is del ayed two character tinmes fromthe
i nput on pin 4 of U42. COW_BLANK is active |ow during nondispl aya-
bl e portions of the video scan to override any video input data on
pins I and 2 of NOR gate U59. The display is thus bl anked.

The Display RAM consists of eight 1K x 1 bit RAM (random ac-
cess menory) chips, Ul4 through U28. Al chips are held permanently
enabl ed by connecting their CE (pin 13) inputs to ground. Menory ad-
dressing is provided through two-to-one multiplexers (U30, U32 and
Ul2) which select one of two display address sources: 1) an externa
address on Address Bus bits ADRO-9 and 2) an internal address sup-
plied by the Subgroup Counter (U31l), G oup Counter (U33) and the
Begi nni ng Address Counter (Ul). The function of the address bits
associ ated with each address source is as follows:

1. External address bits ADRO-5 specify the character
position (one of 64) in the character row.

2. External address bits ADR6-9 specify the character
row position (one of 16) on the display screen.

3. Internal address bits, a total of six outputs from
U3l and U33, specify the character position (one
of 64) in the character row

4. Internal address bits, the four outputs from UL,

specify the character row position (one of 16) on
t he di spl ay screen.
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Normal |y the internal display address is nultiplexed to the
Di splay RAM  Wien the CPU or a DVMA device requests access (! PAGE_CC
active), the multiplexers switch to the external address |ines,
ADRO- 9.

Seven-bit ASClII-coded data is witten into RAM chi ps Ul4
through U20 frombits DI Q0-6 of the Bidirectional Data Bus, and the
cursor bit (DIO7) is witten into RAMchip U21. This witing occurs
when the wite enable (WE) input to the RAMchips is low This oc-
curs when the Display RAMis addressed (! PAGE CC active |ow) and
MARI TE on S-100 Bus pin 68 is high. The enable is supplied on out-
put pin 8 of NAND gate U44. Data is read out of the D splay RAM
when pin 8 of U44 is high. Data out of the Display RAMis placed on
the Bidirectional Data Bus via tri-state drivers U29 and U39 when
I PAGE_CC and PDBIN (S-100 Bus pin 78) are active. W29 and U89 are
enabl ed by a | ow output on pin 11 of another W44 NAND gate.

Data out of the Display RAMis al so strobed into Data
Latches U26 and U27 by LOAD CLOCK. Seven outputs fromthese |atches
are used to address the Character Cenerator ROM UW25. Note that the
output fromRAMchip Ul9 is inverted in exclusive OR gate U74 before
being applied to the Cinput (pin 13) of U26, and the conpl ement
(pin 14) of the QC output of U26 is used in addressing U25. This is
done so that the Data | atches will output the space code (0100000)
to the Character Cenerator ROM when the |atches are reset. These
| atches are reset each time PAGE CC is active by way of U75, a J-!'K
flip-flop connected as a D flip-flop, and D flip-flop U42 (Q out put
pin 6). By outputting the space code on reset, the Data Latches
i nsure a blank character position on the screen

The Character Generator ROM U25, has seven character ad-
dress inputs (Al through A7), four scan line inputs (RS1 through
RS4) and seven data outputs (Bl through B7). It is programred to
generate seven bits (dots) of character information for the sel ected
scan line of the character row. U25 also automatically blanks scan
lines that are not a part of the character and shifts the g, j, p,

g, Yy, comma and semicolon to the fifth through 13th scan lines in
the dot matrix (refer to Figures 8-2 and 8-3 on Page VIII1-24). Com
plete patterns for the 6574 and 6575 Character Generator ROM s are
provided in Figures 8-5 and 8-6 respectively. Note that the address
bits A0 through A6 in Figures 8-4 and 8-5 correspond to the Al

t hrough A7 inputs to U25 on the schematic, scan |ines RO through R8
are specified by the RS1 through RS4 inputs to U25 on the schemati c,
and the data output bits DO through D6 correspond to the Bl through
B7 outputs from U25 on the schenmatic.

Let's see how the Character Generator ROM produces a charac-
ter using an uppercase "C' and "T" as an exanple. In this exanple,
these two characters are to be displayed in the first and second
character positions respectively on the third character row of the
di splay screen. Renenber that the character position and row param
eters are contained in the Display RAM since the 7-bit ASCII-coded
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A3 A0 0000 6001 0010 oon 0100 0101 0110 011 1000 1001 1010 1011 1100 1101 1110 1

AB. . A4 5 e B J 5 06 00

100

110

L

W - Stitted charatter  The charactar is shibteC three rows 1o R3 at the top ot the tont arc R11 at the bottom

Fi gure 8-5. 6574 Character Generator ROM pattern.

"C' and "T" were stored in the RAMin the proper character positions
in the third character row

After the first two character rows have been displ ayed, the
Scan Counter (U40) is reset to a binary count of 15 (1111) and the
Character and Line Address Miultiplexers (U30, U32 and Ul12) call up
the "C'" in the Display RAM The Scan Counter output specifies line
15 in the Character CGenerator ROM on RSI through RS4. As previously
nmentioned, this Iine in the ROMis blank. Thus, the first scan line
of the third character row is bl ank.

The 7-bit ASCI|I code for the "C' (1000011) is input fromthe
Di splay RAM to address the Character Generator ROM by way of the Dat.
Latches (W26 and W27). This address is applied to ROMinputs A7
through Al (A6 through A0 in Figures 8-5 and 8-6). The Scan Counter
changes to a count of zero which specifies scan line RO in the Chara'
ter Generator ROM As shown in Figures 8-5 and 8-6, the ROMin turn
outputs a 7-bit word, 0011110, on D6 through DO respectively (B7
t hrough Bl on the schematic).
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[ ono o1 l 1000
- b

P = Stutted cracacter  The character is shifted three rows to R3 at the ton of the foot and R11 at the bottom

Figure 8-6. 6575 Character Generator ROM pattern

For the second character position the Character and Li ne Ad-
dress Multiplexers call up the "T" in the Display RAM The resulting
ASCI| code for a "T" (1010100) ultimately appears on the address in-
puts to the Character CGenerator ROM Since the Scan Counter is stil
at a count of zero, the ROMoutputs 1111111. This process continues
for the balance of the displayable portion of the video scan |ine.

At the end of the horizontal scan |line, the Scan Counter
changes to a binary count of 0001 which specifies scan line RL in the
Character Generator ROM The "C' and "T" are again called up from
the Display RAMfor the first and second character position respec-
tively. The ROM consequently outputs 0100001 and then 0001000. This
sequence continues through scan |line R38 when the Scan Counter is at a
count of 8 (1000) to produce the "C'" and "T".

As di scussed earlier, the Scan Counter cycles through 13
counts or scan lines. For the "C' and "T" in our exanple, the Scan
Counter has counted ten lines (15, 0, 1, 2, 3, 4, 5, 6, 7 and 8).
The remaining three scan lines are not used in formng the "C' or
"T", so on counts 9, 10 and 11 of the Scan Counter the Character
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Cenerator ROM automatically outputs all zeros for these two character
positions. After the last scan line in the third character row, the
Scan Counter is reset to a count of 15 to start the fourth character
r ow.

The Character Generator ROMoutput is converted from parall el
to serial formin an 8-bit shift register (U41) that is clocked by
DOT_CLOCK. For each high bit on the input, the serial output (CH,
pin 13) of W41l is high for one DOT_CLOCK period. For each |low bit,
XHis low for one DOT_CLOCK period. Note that parallel input bit PH
(pin 14) is tied to ground. This effectively adds a low bit (or dot)
followi ng the data and provides one of the spacer dots between
characters. The second spacer dot is generated by connecting the
serial input (pin 1) to ground and applying LOAD CLOCK to the | oad
(LD, pin 15) input to W1l. Wen LOAD CLOCK goes |low, which it does
every ninth DOT_CLOCK, W4l shifts in one zero

A blink oscillator (two inverter sections in U88), a latch
(one section in U42) and their associ ated conponents conprise the
cursor circuit. The blink oscillator runs continuously at a rate set
by R84 and C36. Its output has a nomnal 0.5 sec period. |If the
blink option is selected with S1-5, the blink signal is applied to
one input of a gate in U60. The other input to this gate is provided
by the blink [atch, one section in W1. |If the cursor bit QA out of
Data Latch U26 is high, Dflip-flop U42 sets for the tinme the ROMis
active on the character and renmains set during the period when video
data is shifted out of U4l. The output of U42 is gated high through
NAND gate U0 when BLINK (pin 6 of U88) is low BLINKis held Iow
when the blink option is not selected. The output of U60 is in turn
gated with the video output of U4l in U74, an exclusive OR gate. Ur4
thus inverts the video if the output of U0 is high, and no inversion
takes place if the output of U0 is |ow

The video signal including the cursor, is gated to pin 9 of
anot her U74 exclusive OR gate in the absence of any bl anking signals
at the other two inputs to NOR gate U59. If S1-4 is open, U7/4 in-
verts the video signal to produce a reverse (black on white) display.
Raw video on pin 8 of U74 is supplied to pin 15 of J4. Video out on
pin 6 of inverter U387 is conbined with COVP_SYNC on pin 8 of another
U87 inverter in a resistive mxer, R80-R82, to neet ElA conposite
vi deo signal standards, and coupled to P1 for use by a video nonitor
This m xer has a 61-ohm out put i npedance.

Bot h Begi nni ng Address Counter Ul and First Screen Position
Counter Ull are enabled to advance their counts when pin 9 of J-!1K
flip-flop U’5 is low, which it is for about 600 nsec foll ow ng
I OVERFLOWLINE; that is, after the Scan Counter (UW40) is |oaded. This,
of course, occurs at the end of every scan line in the character row

The scroll circuit consists of Ul, Ull, Scoll Control Latch

U2 and Screen Position Control Latch U3 and their associated cir-
cuitry. Ul and Ull are up and down counters respectively that are pre-
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set to the outputs of latches U2 and 13. U2 latches the starting row
address from DI O0-3 and U13 | atches the data on DIO4-7, with

I PORT_QUT_FE being the strobe. Data on DIO4-7 specifies where the
first line will be displayed. Thus, the nunber |oaded into Ul is

the address of the first displayable scan |line, and the nunber | oaded
into U22 defines the character row (0 through 15).

Ull is preset by 'VDISP frompin 9 of J-!Kflip-flop W3. This
means Ull is forced to its preset condition fromthe end of the dis-
pl ayed text to the top of the next character row During this tine,
pin 6 of another W3 J-1K flip-flop is set high to preset Ul. If Ull
is preset to 0, its TC output on pin 7 is low and pin 6 of W3 is re-
set toalow This allows Ul to count with each horizontal scan line.

If Ull is preset to any nunber other than 0, pin 6 of U43 can-
not be reset low until Ull reaches zero. Assune Ull is preset to
two. It nust count down two character rows before Ul starts count-
ing. During this tine, pin 7 of U43 (PRE_BLANK) is low, and as pre-
vi ously di scussed, the display is blanked.

We can now see that the PRE BLANK tine, often called "w ndow
shade", is variable with the nunber |oaded into Ull. Therefore,
scrolling is perforned by changing the nunbers in U2 and Ul3 wi t hout
the need to reposition the text within the D splay RAM

The remaining circuit in the Display Section consists of
transi stor (2, one section of U87, 89 and 102. U38 and Ul02 are con-
nected as a one-shot 250 nsec timer that is triggered when
I PORT_QUT_FE goes active (pin 1 of inverter U37 goes high). Thus,
when data is loaded into U2 and U13, this tiner starts. Tri-state
driver U89, which is enabled by 'PORT_IN FE, transmits the state of
this timer to D100 on the Bidirectional Data Bus. The CPU can conse-
quently test the timer status by looking for a high on DIQ0. This
timng allows a 250 nsec scroll rate without the need for conplex
timng routines in the CPU. @@, R102 and C37 serve to speed up tiner
reset.

8.5.5 Audio Tape I/0O
Refer to Audio Tape I/O Schematic in Section X, Page X-19

Timng for the Audio Tape I1/Ois derived fromthe 1200, 2400,
4800, 19,200 and 38,400 Hz signals received fromthe Baud Rate Gener-
ator in the Input/Qutput section of Sol. The first two are used by
the wite data synchroni zer (UL00) and the digital-to-audi o converter
(U101).

The remaining three signals are fed to two sections of Ulll
a quad nultiplexer or select gate. Al four sections of Ulll are
used to select clocks for |ow speed or high speed operation according
to the select inputs, pins 9 (A) and 14 (B). The states of these two
sel ect inputs nust be conplenmentary to each other in order to sel ect
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the high or | ow speed clocks. Specifically, A nust be high and B | ow
to sel ect high speed clocks; the converse condition selects |ow speed
cl ocks. The select inputs are supplied by TAPE H _SPEED and

| TAPE_HI _SPEED.

The output of the second section on pin 11 of U111l is BYTE_
WRI TE_CLOCK, 4800 Hz on | ow speed and 19.2 KHz on high speed. The
third section outputs a 19.2 KHz (high speed) or 38.4 KHz (| ow speed)
timng signal to input pin 10 of binary up counter (Ul12).

RECOVER _CLOCK is produced by a phase | ocked | oop (U110), ano-
ther Ul12 binary up counter and the first and fourth sections of ULl1l1.
The signal input (pin 14) to Ul10 is supplied fromoutput pin 1 of D
flip-flop Ul13. It is a constant frequency, regardl ess of whether
one or two transitions are detected in the read data during the
count out tine (12 counts) of the Ul1l2 counter with outputs on pins
13 and 14. A phase conparator in U110 conpares the signal input to
the output of a voltage controlled oscillator (VCO in UL10 (pin 4).
By feeding the VCO output through a counter (the other half of Ul12)
bef ore feeding the counter output back to the conpare input (pin 3)
of U110, the circuit acts as a frequency nmultiplier. The output of
this circuit remains |ocked, therefore, to a nultiple of the signal
i nput on pin 14 of U110.

The output of U110 is nomnally 19.2 KHz. The actual out put
is determ ned by the signal input which in turn is a function of tape
speed. In other words, the phase lock loop circuit tracks input fre-
guency variations. And it will track such variations withinits
| ocki ng range which is determ ned by the setting of variable resistor
VR3 (connected to pin 12 of U110).

For high speed, the divide-by-four output of U112 (pin 4) is
sel ected as RECOVER CLOCK. For | ow speed, the VCO output of U110 is
sel ected for RECOVER CLOCK. This clock serves as read clock for the
CDI UART, U69.

CDl control involves !PORT_IN FA ! PORT_IN FB, !PORT_CQUT_FB,
TAPE_CONTRCL_1 and _2, POC (power on clear), TAPE H GH SPEED and
I TAPE H SPEED. The last two were previously explained in the dis-
cussion of Ul1ll. !'PORT_IN _FA strobes the CD UART status (DR, TBRE,
CE and FE--refer to Page VII1-22 for definitions) to the Internal
Data Bus, INT3-7. !'PORT_IN_FB strobes received data on pins 5-12 of
U69 to the Internal Data Bus, INTO-7. ! PORT_QOUT FB | oads data from
the Bidirectional Data Bus (DIQD-7) into U69. POC sinply resets
U69 whenever power is applied to the Sol.

TAPE CONTROL_1 and _2 are used to turn one or two recorder
nmotors on and off. An active | ow TAPE CONTROL_1 energi zes K1 to
close its contacts and turn recorder #l on; a high de-energizes Kl to
turn the recorder off. TAPE CONTROL_2 does the sanme thing with K2 to
control another recorder. Diodes D13 and 14, which shunt Kl and K2
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respectively, prevent damage to the logic circuitry in the Input/
Qut put section due to inductive kickback. R155 and 156 are current
limters that keep the relay contacts from "wel di ng" toget her

VWhen the CDI is in the wite node, data is input to the UART
(U69) under control of I'PORT_QUT_FB. Upon conpletion of this strobe,
the transmt sequence is initiated within the UART, with the trans-
m ssion rate being governed by BYTE WRI TE_CLOCK

The transni ssion sequence begins with a start bit, a | ow
(data zero) on the UART's TO output. It is followed by eight data
bits and two stop bits (high on the UART's TO output), with the num
ber of bits being fixed by the connections to pins 34 through 39 of
U69.

The data fromU69 is applied to the Dinput of Dflip-flop
U100 which is clocked at 1200 Hz. Consequently, the output on pin 1
of U100 follows the input data on pin 5 after the rising edge of the
1200 Hz clock. This output is connected to the reset (pin 4) of
U101, so when the data out of the UART is high, the first section in
Ul0l1l is forced to a reset condition. In this condition the J and K
i nputs to the second stage of Ul01 are held high which allows the
flip-flop to change state on the rising edge of the clock

The clock for U101 (OUTPUT_CLOCK) is 2400 Hz in the high
speed node or 4800 Hz in the | ow speed node. This clock is derived
from 2400 Hz in conjunction with the | ow speed sel ect signal in NAND
gate W98 and excl usi ve-OR gate W99

In the high speed node, pins 12 and 13 of U98 are held | ow
thus holding pin 10 of W98 high. As a result the 2400 Hz signal is
inverted in U39 to becone the clock for U101

Pins 12 and 13 of U98 are held high, however, in the | ow
speed node to enable W8. In this case R117 and CA7 provide a del ay
in the W8 gate. Wen the 2400 Hz signal on pin 2 of W99 changes
state, so does pin 3 of W9. Also, C47 charges through R117 for
several usec, at which point pin 10 of W98 is brought to the opposite
polarity. The output from W99 then goes high. A series of positive
pul ses, with a pulse width approximately equal to the R117, CA47 tine
constant (10 usec) and occuring at every transition of the 2400 Hz
signal, appears on pin 3 of U9. This circuit thus operates as a
frequency doubler in the | ow speed node to provide a 4800 Hz cl ock
for UL101.

The 2400 Hz signal fromwhich the ULO1 cl ocks are derived al -
so produces the 1200 Hz clock signal for U100. As a result the 1200
Hz signal changes state follow ng a propagation delay after the 2400
Hz signal falls.
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As previously stated, the second stage of UlOl1l is allowed to
change state on the positive going transitions of the QUTPUT_CLOCK as
long as the data out of the synchronizer is a "1". The end result is
an output on pin 14 of U101l that is one-half the clock frequency
(1200 Hz and 2400 Hz in the high and | ow speed npdes respectively).

Assune the data stream out of the UART goes low ("0"). On
the next rising edge of the 1200 Hz signal, U100 will reset with Q
low and 'Q high. A lowreset on pin 4 of Ul0l enables the first U101
stage to toggle on the next rising edge of the OUTPUT_CLOCK whi ch oc-
curs 1/2400 second after the synchronizer output falls. Renenber
that OUTPUT_CLOCK noves froma lowto a high shortly before the 1200
Hz signal did. The reset on pin 4 of UlOl is thus renoved slightly
after the OQUTPUT_CLOCK occurred. Wth the J and K inputs to the
first ULO1l stage high, its output will change state on each succeed-
ing lowto high transition of OQUTPUT_CLOCK. The second UlOl1 stage in
turn can only toggle on the positive going transition of OUTPUT_CLOCK
when its J and K inputs are high. Since the inputs are high at one-
hal f the clock rate, by virtue of the first U101l stage, the second
U101 stage toggles at one-fourth the QUTPUT_CLOCK rate

The two sections of U101, therefore, operate as a frequency
di vider, dividing the OQUTPUT_CLOCK by two when the wite data is a

"1" and by four when the data is a "0". Thus, in the | ow speed node,
four cycles of the 1200 Hz represent a "0" and eight cycles of 2400
Hz represent a "I". In the high speed node, one cycle of 1200 Hz rep-

resents a "1" and one-half cycle of 600 represents a "0"

The output on pin 14 of UlOl is applied to one section in
U109 whi ch provides sufficient current drive for the divider network.
This divider and a junper arrangenment allow sel ecting one of three
outputs to be fed to the audio output jack J6. The I-to-J junper se-
lects a 500 nv signal for the auxiliary input to an audio recorder
the I-to-H junper selects a 50 nv signal for the m crophone input to
an audi o recorder.

VWhen the CDI is in the read node, data fromthe recorders
enters on J7. This input is fed to the negative input (pin 6) of
operational anplifier ULOS8.

The first section of UlO8 is a high gain anplifier, with its
gai n (approxi mately 100) being determ ned by R142 and R143. The out-
put fromthis anplifier is coupled to input pin 2 of the foll ow ng
U108 stage and the base of a Darlington pair (Q4 and B) which pro-
vi des high current gain.

Current into the base of transistor (b causes C67 to dis-
char ge. (C67 charges through R39 to 5 V dc.) The voltage on C67 in
turn controls the gate of field effect transistor (FET) @B. @ func-
tions as a variable resistor which can be changed by its gate voltage.
Since B is connected between ground and the input network to the
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first ULO8 stage, it serves as a variable shunt. A |low gate voltage
on (B decreases the shunt resistance and the input to Ul108. 1In a

i ke manner, a high voltage on C67 results in an increased input to
U108. 03, 4 and b with their associated circuitry, therefore,
serve as an automatic gain control (AGC) circuit which limts the in-
put to the second Ul08 stage to approximately a positive 2 volt peak
si gnal

The second stage of Ul08 is a conparator with hysteresis that
perfornms the needed audio to digital conversion. Feedback resistor
R147, in conjunction with R145, establishes the level on the positive
i nput (pin 3) of UL08. This level, be it positive or negative, is
the threshol d voltage, #50 nv, which the negative input (pin 2) nust
exceed in order for the output of Ul08 to switch levels, positive to
negative and the converse. Since the feedback | oop is regenerative,
Ul08 switches at its maximumrate, and ULO8 sw tches on each transi-
tion of the audio signal input. It is in this manner that U108 per-
forns the audio to digital conversion

The digital output of UlO8 is inverted in one section of in-
verter UL09 and applied to pin 9 of exclusive OR gate W9 which is
connected as a buffer without inversion. |If the output of U109 is
low, the output on pin 10 of W9 is also |low and the output on pin 4
of anot her W99 exclusive OR gate is high. The voltage across C49
under this condition is mnimal. Wen the output of UL09 goes high
C49 starts to charge through R118 until pin 9 of W99 crosses the
threshold of that gate. At this point pin 10 of W99 goes high, and
since the two inputs to the second exclusive-OR gate are both high,
pin 4 of W9 goes low. C49 now di scharges because pins 9 and 10 of
U99 are at the same level so that the circuit can repeat the opera-
tion on the next high to lowtransition at pin 4 of U109. R118, 49
and W99 consequently serve as a transition detector that produces a
pul se |l ess than one m crosecond |long for each transition of the out-
put on pin 4 of U109, regardless of the polarity of the transition

Transition pul ses from W99 clock both D flip-flops in UL13.
A transition pul se clocks the top U113 at pin 3 which sets Q (pin 1)
high and Q (pin 2) lowto enable up binary counter Ul12 on pin 15.
Pin 1is applied to the T) input (pin 9) of the |lower Ul13 and the
circuit remains in this state until one of two things occurs: 1)
a second transition pul se arrives before Ul12 reaches count 12 or
2) Ul12 reaches count 12.

If a second transition pulse arrives before count 12, the
bottom Ul13 stage is set and presents a "1" to the D input (pin 9)
of flip-flop UL00. This is clocked by the !Q output on pin 2 of U113
as a lowto pin 12 of UL00.

If a transition pul se does not arrive before count 12, the
bottom Ul13 stage outputs a "0" to input pin 9 of Ul100. On count
12, the C and D outputs of Ul1l2 go high to reset U113 by way of W98
at pin 4. As a result the ULOO cl ock goes high, as does pin 12 of
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U100. The output on pin 12 of U100 is inverted by UL09 and applied
to the receive input (pin 20) of the UART.

The Q output on pin 1 of U113, which occurs at the actual bit
rate of the incom ng data, is also used by the receive clock cir-
cuitry to reconstruct the receive clock fromthe data signal
Recei ved data undergoes serial-to-parallel conversion in the
UART and is placed on the ROL-8 data outputs of the UART when RCOD
(pin 4 of the UART) is low (! PORT_IN FB active) and onto | NTO-7.

Four status outputs fromthe UART can al so be enabl ed when
SFD (pin 16) is low. These four bits are FE (framng error), OE
(overrun error), DR (data ready) and TBRE (transmtter buffer regis-

ter enpty).
8.6 KEYBOARD
8.6.1 Bl ock Di agram Anal ysi s

A sinplified bl ock diagram of the keyboard is provided on
Page X-25 in Section X

The C ock GCscillator produces the basic timng signals for
t he keyboard, and they are distributed as indicated.

At the heart of the keyboard is a Key Switch Capacitive
Matrix which can be viewed as a 16 x 16 X-Y matrix, with X being the
colum and Y the row. Conceptually, a key depression increases the ca-
paci tance between the X and Y coordi nates that uniquely define that
key.

The Col um Scanner supplies a pulse train to the XIlines in
the matrix, with only one line being pul sed at any given point in
time. Wen a key is depressed to increase the capacitance between the
Col um Scanner output and a Row Scanner input, the X-Y coordi nates
for that key are detected to provide an input to the Sense Circuit.

The Sense Circuit in turn generates an input to the Sequence
Det ector when a key closure occurs. This detector basically detects
key closures and count cycles of the Row Scanner to discrimnate
agai nst fal se key signals and insure that valid closures are serviced
in order.

In the absence of key closures, the Sequence Detector feeds
PKD to the Sense Circuit to increase its threshold. This action
serves to increase the circuit's noise inmunity. On valid key clo-
sures, the PKD input is such as to decrease the Sense Circuit's
threshol d. Wen valid key closures exist, the Sequence Detector
strobes data into the Qutput Latch. The |ow order four bits to this
| atch are supplied by the Row Scanner; the high order four bits are
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supplied by the Encoding ROM wth the data being determ ned by in-
puts fromthe Columm Scanner and Function Latch Decoder. This

strobe (Data Qut) al so enables the Strobe Generator to output ! STROBE
a 6 usec pulse that signals the Sol CPU that the Keyboard is ready to
send dat a

Eight bits of keyboard data (KBDO through KBD7) are stored in
the Qutput Latch. KBDO through KBD6 represent the ASCI|I code for the
character associated with the key closure, or closures, that initi-
ated the Data Qut strobe fromthe Sequence Detector. KBD7 is used
only for special control characters (e.g. MODE SELECT, CLEAR and cur-
sor movenent) that are recognized by the Sol program The data on
KBDO-7 is input to the Sol CPU when it issues PORT_IN FC (refer to
Par agraph 8.5.2 on Page VIII-14).

The Repeat Counter is enabled when the REPEAT key and a char -
acter key in the Key Switch Capacitive Matrix are pressed at the sanme
time. Wen this occurs, Key Qut (initiated by the character key clo-
sure) is active, and the Repeat Counter generates a periodi c Repeat
Strobe. This strobe disables the Sequence Detector and causes the
Strobe Generator to output repetitive ! STROBE pul ses. Columm 30 al so
prevents the Sequence Detector from strobing additional data into the
Qut put Latch

The Function Latch and Decoder |atches and decodes the Low
Order Count fromthe Row Scanner when the "function key" colum in
the Switch Matrix is selected by the Colutmm Scanner. It then outputs,
as appropriate, !'LOCAL, !'RST and !'BRK to J1 and SHI FT/ SH FT_LOCK, UPPER_
CASE and CONTROL bits to the Encoding ROM The latter three supply
three of the seven address bits to the ROM which specify the high
order four KBD bits (KBD4-7).

Al'l keyboard outputs are supplied to J1 which is connected
to J3 on the Sol -PC

8.6.2 Circuit Description
Refer to the Keyboard schematic in Section X, Page X-23.

Keyboard operation is controlled by a 3 usec clock circuit
consi sting of NAND gate U7, R7 and C7. U7 is connected as a Schmtt
trigger inverter with negative feedback through R7 and C7. The out-
put on pin 11 of U7, a square wave with a 3 usec period, is inverted
in U4 (a NAND gate connected as a sinple inverter) and applied to the
clock input (pin 11) of U8. U8 operates in a toggle node by virtue
of feeding its 'Qoutput on pin 8 to the Dinput on pin 12. Thus, its
out put state changes on each clock to produce a 6 usec and an in-
verted 6 usec clock on pins 9 and 8 respectively.

Each of these outputs is connected to a section of U7 where
each is AND ed with the 3 usec clock. This generates two negative

going clocks at pins 8 and 6 of U7. These outputs are called !f1 and
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1f2 respectively. This circuit thus generates a symetrical two phase
cl ock, with each phase having a 6 usec period with a 1.5 usec nega-
tive going pul se

I f1 advances the cascaded ripple counter, U5 and 6, in the
Col um Scanner circuit (U5, U, NAND gates U4 and decoders Ul7 and

U21). U6 divides !f1 by two on each advance. The output on pin 12 is
consequently a square wave with a 12 usec period, the output on pin 9

is a square wave with a 24 usec period, and so on to pin 11 which has

a 96 usec period. The output on pin 11 is then divided by two in U5

to provide 192, 384, 760 and 1536 usec periods. W wll call these
Cock_1 for the 12 usec period, Cock 2 for the 24 usec period, dock_

4 for the 48 usec period, and so on fromdCock 8, _16, _32, 64 and _128.

G ocks_16, _32 and _64 are applied to the A, B and Cinputs of
bi nary-to-deci mal decoders Ul7 and W21. |In order for these decoders
to yield outputs, their Dinputs (pin 12) nmust be low U4 is used to
enabl e one or the other of these inputs, with C ock 128 being the de-
termning factor. Wen Cock 128 is low, Ul7 is selected through U4

when ! f1 is high at pin 4 of U4. W21 is selected when O ock 128 is
high and 'f1 is high at pin 13 of U4. By ANDing !f1 and O ock_128

nei ther decoder is selected when !f1 is low, the time U5 and Us count.
During this tinme false binary signals can appear on the outputs of U5
and 6.

The net effect is that only one of the 15 outputs from Ul7
and 21 will be low, and this | ow advances on each count advance. The
| ow out puts of Ul7 and 21 drive the colum lines in the key switch
mat ri x.

O ocks_1 through _8 are connected to anal og nultipl exers Ul19
and U22. Only one channel frominput to output is connected at one
time. Note that Cock 8 and !Cock 8 from U6 enable Ul9 and U22 re-
spectively. Ul9 and U22 (the Row Scanner) thus scan through the 16
rows in the sequence indicated by the nunbers contained within the
"boxes" of the key switch matrix. An entire scan of the rows is nmade
before the next colum is selected by Ul7 and 21.

We now have Ul7 and W21 driving the colum |lines and U19 and
U22 testing each row line by connecting it to an input to the Capaci -
tance Key switch (KTC) Detector. These two inputs are normally high
at 5 volts. Wthin the switch matrix there is a small capacitance
connect ed between each colum and row line; that is, there is a capa-
citance associated with each key on the keyboard. Wen a key is de-
pressed on the keyboard, the capacitance associated with that key in-
creases. Wen the colum and row |ines associated with that key are
selected, there is a significant voltage difference between the two
and the capacitance charges to produce a small negative going spi ke
at the input to the Capacitance Keysw tch Detector
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This detector circuit consists of three transistors, Q7, (B,
and Q@ (connected as a linear anmplifier with negative feedback) fol-
lowed by 4 and @. 4 and 2 are large signal anplifiers biased in
their cut-off region. The input to the detector is selectively con-
nected to +5 V dc by way of the analog nmultiplexers (U9 and U22),
the row matrix wires, and the 33K resistors. A key depression causes
a negative current pulse through R16 to the base of the input anpli-
fier transistor, @, which is biased near cut-off. The pulse is then
anplified by @ with inversion to appear as a positive pulse at the
input of Q7. Q7 is an emitter follower circuit which gives a posi-
tive pulse at its output, across R18, at a | ow i npedance. This sig-
nal is coupled back to the input through transistor @, a conmon
base anplifier which has its base clanped to 2.5 V dc by zener diode
CR4. \When the positive pul se appears at the emitter of 9, it is
anplified without inversion and applied to the input of 8. Since
the original input was a negative pul se, the positive pulse consti-
tutes negative feedback. The output across R18, a positive pulse,
is further anplified by pulse anplifier transistor Q4, a conmpn base
anplifier that is normally biased off. The output stage Q@ is bi-
ased in the cut-off region also, but a sufficient positive pul se
from will cause @2 to conduct to give a negative pul se out put
across R12.

Transistors Ql, B, & and B, represent a second pul se am
plifier circuit that is analogous to transistors @, @B, Q7 and 4
respectively. The output of this second anplifier, which appears at
the collector of @B, is also connected to the base of the output
transistor 2. An input pulse fromeither U9 or U22 will therefore
supply an anplified negative pulse to pin 13 of NOR gate Ul4.

The ! PKD signal through R24 helps to set the threshold at the
base of 4 and B. This threshold is normally high when ! PKD is high
so the output from Q7 and (b has to overcone a higher threshold at
the emtter of Q4 and @B in order to cause conduction of 4 and (B.
On the second such pul se on the same count address, !PKD goes low to
reduce the threshold at the bases of Q4 and @B. This sensitizes the
circuit, acting as a positive feedback path, and gives an output.
Thus two consecutive detections of a key stroke are necessary to give
an output. This feature provides noise inmmunity since a single noise
pul se will not pass through the anplifier. The conplete key sw tch
matrix is scanned at a very high rate conpared to the tinme it takes
to physically press and rel ease a key. Thus a key closure will be
detected, even though the key is not held down for any appreciable
time.

Two sections of NOR gate U 4 are connected as a cross-coupl ed
flip-flop. A lowon pin 13 of U 4 sets output pin 11 of Ul4 high
providing that the lowis longer than 1.5 usec (which it is when a

valid key closure is detected). That is because !f1 is applied to pin

9 of Ul4. !If1 effectively prevents swi tching noise, which is short in
duration, frombeing interpreted as a key closure. The high, let's

call it KEY, on pin 11 of Ul4 will remain until !f1 again goes | ow
about 4.5 usec later.
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KEY is fed to pin 5 of 8-input NAND gate U25, pin 9 of ROM
U20 and pin 1 of NAND gate W27. Let's exanmi ne the other inputs to
U25.

KEY, as nmentioned, is fed to pin 9 of U20 which is a 256 x 4
bit static ROM Only two bits are used. For each possible row
col um conbi nation, there is one storage location in U20. D1 and
DOL (pins 9 and 11) are the input and output respectively of one bit
location; DI2 and D2 serve the sane functions for the other bit
| ocation. The row count is applied to AO-4 and the colum count is
applied to A5-7 to address U20.

VWhen a key closure is detected, the counts are presented to
U20 continuously. Wen the counts change shortly after the failing

edge of !f1, U20 outputs the status of the address that is already
stored in the ROM about 1 usec later on pin 10. On the rising edge

of f1 after the address change, the status on pin 10 is latched in
one-half of Dflip-flop U26 and presented at output pins 9 and S.
About 1.5 usec later the R/Wsignal on pin 20 of U20 goes | ow, and
the KEY signal on pin 9 enters the specified location in U20. Note
that this KEY is related with the new count address. The key stored
in U26 represents the preceding address. W consequently call the
KEY in U26 "KEY_mnus_1", and it is applied to pin 11 of U25.

The remaining inputs to W25 are 1) f2 (an inverted !f2) on pin
12, 2) a repeat strobe signal on pin 4 (supplied by pin 11 of NAND
gate Ul6 which is high without a repeat comand), 3) PKD minus_1 on
pin 6 (supplied on pin 3 of U26 which is lowif three or nore count
cycl es have occurred since one key closure), and 4) the col um out -
put on pin 4 of Ul7 which is applied to pins 1, 2 and 3. The | ast
signal drives the colum associated with the special function keys
on the keyboard (SH FT, SH FT_LOCK, LOCAL, BREAK, UPPER_CASE, REPEAT
and CONTRQL) .

In order for U25 to output a low on pin 8, therefore, we
need a current KEY, a KEY fromthe preceding count cycle, no repeat
function, no drive on pin 4 (colum 30, hexadecimal), and we nust
be on the second count cycle during the current key depression

Wth these conditions satisfied output pin 3 of U25 goes | ow.
It is inverted by ULO to a high on pin 11. This signal then clocks
the output latches, Ul and 2. On this signal, the data present on
the inputs are latched into Ul and 2, and it remains |atched until
the next output on pin 8 of U25 occurs.

Alowon pin 8 of U25 also resets one-half of D flip-flop Ull

at pin 13 which causes output pin 9 to go low. On the rising edge of
the inverted 6 usec clock fromUS, the second Ull stage sets and out-
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put pin 5 goes lowto clear the first stage. The high on output pin

6 is inverted by NAND gate U O to supply a | ow active ! STROBE on pin 3
of J1. (Note that J1 on the keyboard connects to J3 on the Sol - PC.)
The next inverted 6 usec clock resets the second Ull stage. W thus
have a 6 usec strobe pulse following the |atching of data into Ul and
u2.

The conpl ement of KEY_minus_1 on output pin 8 of U26 is fed
to input pin 10 of NAND gate Ul6 and is translated to a high on pin
8. The other input on pin 9 is high at this time since it is driven
by the signal which indicates the third count cycle. A three-input
NAND gate, W27, thus has a high on pin 2. A second input on pin 1is
KEY which is active (high) fromthe first count cycle of the key clo-
sure. The remaining input on pin 13 is supplied by pin 11 of U6,
and it is lowonly when the repeat function is operating. U227 is
consequently satisfied and outputs a |l ow on pin 12.

This | ow appears at pin 5 of NOR gate Ul6. Pin 4 of U5 is
high at this point by virtue of a lowon pin 1 of Ul6 which indicates
the third count. Thus, the high on pin 6 of Ul6 will be stored in

the second bit |ocation U20 when !f2 goes low at pin 20 of U20. When
this happens D02 (pin 12) of U20 goes high to indicate the new status
of this bit.

The D02 output is inverted in UlO and applied to i nput pin 2
of another W26 D flip-flop and to the Capacitance Keysw tch Detector
as PKD. PKD serves to |lower the detector threshold; that is, the de-
tector offers less "resistance"” to its input. This is positive feed-
back that allows the detector to discrinnate between noise and a key
closure. Note that two key closures are required before the detector
threshol d is | owered.

The inverted D02 output from U20 al so appears at the D input
(pin 2) of W26. Since this flip flop is clocked by !f1, the prior

status of !'PKD, called "IPKD mnus_1", is already present in this latch
on output pin 5. If we are on the second count cycle of a key clo-
sure, pin 5is high. If we are on the third count or nore, it is | ow

to inhibit U25. As previously nmentioned, 'PKD mnus_1 is also con-
nected to the NOR gate (Ul6) used to feed data to pin 11 of U20 from
KEY_m nus_1.

VWhen the current KEY signal is released, pin 12 of NAND gate
U27 and pin 5 of NAND gate Ul6 go high. The Ul6 NAND gate that in-
puts to pin 4 of Ul6 | ooks at KEY_mnus_1 on pin 2 and the conpl e-
ment of !'PKD minus_1 on pin 1. Thus, pin 1 is high for the first one
and a half counts and pin 2 is high for the first count. Upon re-
| ease of KEY, therefore, pin 3 of Ul6 is low for the first count.
On the second count, KEY_mnus_| goes low-as do pin 6 of Ul6 and

pin 12 of U20. On the next !f2 clock, the data is read into U20. The
out put on pin 12 of U20 changes to renove ! PKD which increases the
Capaci tance Keyswitch Detector threshold for greater noise imunity.
It also sets PKD mnus_1 on pin 5 of U26 on the third count cycle
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following release of KEY. On the third cycle the circuit reverts to
its original state.

This circuit, conprised of U20, U26, Ul6 and Ul7 serves two
functions. By requiring two events during two consecutive count cy-
cles before generating a KEY, it discrimnates against fal se key cl o-
sures. It also insures that nultiple key strokes are serviced in or-
der. (This is the n-key rollover feature.) That is because the row
col um addresses are continuously presented to U20 and this circuit's
cycl e can occur for each possible key closure. U20 can thus contain
data for all possible key closures, and the data will enter Ul and U2
on the KEY generated for each closure as the row col utm count pro-
gresses.

The previously mentioned colum 30 output on pin 4 of Ul7
drives the keyboard control key "switches". Data for these key clo-
sures, present on pins 1, 2 and 3 of addressable latch Ul2 is |atched

in U12 during dock 8 and f2 when columm 30 is driven. Pin 13 of Ul2
is connected to the conplenment of PKD mnus_1. Thus, the data
(active low) is strobed into Ul2 on the first count cycle. During
the third count it will be strobed again and a high is read in. When
the key is released, a lowis strobed in again. As a result, a high
active pul se appears on the output line related to the key that was
closed for the duration of the key closure.

SHI FT and SHI FT_LOCK, on pins 11 and 10 respectively, are
applied through W23 inverter stages to NOR gates Ul3 and Ul4. These
are connected as a cross-coupled flip-flop. An active SH FT sets
this flip-flop at pin 5 of Ul3 to make output pin 6 of Ul3 and out put
pin 3 of Ul4 high. The latter is connected to pin 3 of Ul8, a 512 x
4 bit ROM Ul18 is programmed to output the high-order four bits of
the data to Ul according to the states of pins 1, 2 or 3.

The U13-14 flip-flop is set to a high on pin 6 if SH FT_LOCK
is active. As can be seen, the shift bit to Ul8 is high by virtue of
the lowon pin 6 of Ul3 and it will remain so until SHI FT again
causes Ul13-14 to change state. When output pin 6 of Ul4 is high, pin
12 of W24 is lowto turn light emtting diode LEDL on. This LED is
| ocated in the SH FT_LOCK key and indi cates the keyboard is in a
| ocked shift condition

VWhen UPPER _CASE is active, pin 7 of Ul2 goes high to clock D
flip-flop U5 on pin 3. This flip-flop is connected to operate in a
toggl e node. On the UPPER_CASE "cl ock™, pin 5 of Ul5 goes to make
pin 2 of Ul8 low The high on pin 6 of Ul5 is inverted by U24 to
turn on LED2. LED2 is located in the UPPER CASE key. A second cl o-
sure of this key toggles Ul5 to the opposite condition

Now assume the LOCAL key is depressed, the output on pin 5 of
Ul2 goes active high to clock the other D flip-flop Ul5 stage at pin
11. This stage al so operates as a toggle, and output pin 9 goes | ow
to become LOCAL on pin 14 of J1. Again, the high on output pin 8
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causes LED3, the LOCAL light, to turn on. A second closure of the
LOCAL key toggles this section of Ul5 to the opposite condition
Note that LOCAL has no affect on keyboard data.

The other outputs from Ul2 are BREAK (pin 12), CONTRCL (pin
6) and REPEAT (pin 9). BREAK is inverted in U23 to beconme ! BRK on
pin 4 of J1. CONTROL is applied directly to input pin 1 of Ul8 so
that the control character related to the |low order bits enters Ul
and U2.

REPEAT is applied to pins 10 and 11 of NAND gate U27 and pin
13 of NAND gate Ul6. The input to W27 is gated with UPPER CASE to
generate ! RST at pin 13 of J1. This nmeans, of course, that REPEAT and
UPPER_CASE mnust be depressed at the same tinme to generate !RST.

On pin 13 of Ul6, REPEAT enables that gate so that Ul6 trans-
mts the output on pin 9 of W. W is connected as a two-stage shift
regi ster whose input (pin 2) is ground. It is clocked by clock 128
from Us.

W is initially set with output pins 5 and 9 high during the
third count cycle by PKD minus_1. This is also the time when Ul2
outputs data. |If the key is released, U clears to a low on pin 9
five count cycles following KEY. |If the key is held down, U9 cannot
shift since PKD mnus | remains on preset input pins 4 and 10.

VWhen REPEAT exists at pin 13 of Ul6, pin 11 of Ul6 is lowto
inhibit U25 and U27 at pin 13. This prevents further KEY signals and
di sabl es the n-key rollover circuitry. The lowon pin 11 of Ul6 is
al so inverted by open collector inverter U24 to enabl e the repeat
oscillator (tinmer U3, R4, R5 and C3). U3 generates a square wave on
pin 3 with a period determ ned by the RC network.

This clocks the first stage of D flip-flop Ull, the ! STROBE
generator, and Ull produces the previously discussed 6 usec ! STROBE.
Ull continues to generate ! STROBE at the repeat oscillator rate until
ei t her the REPEAT or character key is released. And with each ! STROBE,
of course, the data associated with the character key is latched into
Ul and U2.

Ei ght ASClI|-coded data bits are output by Ul and U2 to J1 as
i ndicated. Seven bits (0-6) are used for ASCI|I characters, and the
eighth bit (7) is set only for certain control characters that are
recogni zed by the Sol program These are used for control functions
such as MODE_SELECT and cursor novenent.

The remaining circuit, R32 and Cl4, initializes the keyboard
when power is applied. That is, it resets the output |atches and the
SHI FT/ SHI FT_LOCK, UPPER CASE and LOCAL flip-flops. It also inhibits
STROBE at pin 1 of NAND gate U10.
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