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1.0 INTROCUCTION,

The PROCESSUR P(A performs all of tne terminal togic functions.
These can ne c¢gividea into 3 major sectionss; ™Microprocessor
Controller, Terminal 1iming, and Video Control. Tne +ticrorrocessor
section is a complete microprocessor syster witnin itself. It
contains proaram ROM, scratch=pad RAM, a Keyboard intertace, a
patacomm interface, ana an oational Printer interface. This is
where the terminal identity is formed by creative micro=nrogramminga
The Terminal Timing section qenerates all the necessary timing
signals, ana terminal states. Ine video control section fetcnes
characters trom the risplay memory, and disolays them on the screen.
Each of tnese three sections will be described in greater detail

in section 3.0.

2.0 OPERATING PARAMETERS.

A summary of operating parameters for tne Processor Module is
contained in tables 1.0 through 4.0

TYahble 1.0 Physical Parameters

[ T - e - P T T Tt T P T P T I i 1
3 1 1 E T 2 1t 1 At -1 3 2t 2 3 R o R R R R i e

| Part | ] Size (L x w x D) | #eiaht |
| Number | Nomenclature o +/-0.1 Inches | (Pounds) |

| | | | |
| i | | |
| 02620-60033 | Processor PCA | 123 x 10.2 x 0.5 | 1.4 |
| { | I |
| I | I |
{ | | | |

PR T T L T T T T T T Y P T T 2 2 2
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Table 2.0 Reliability and Environmental Information

E S T S ST S S NS S L C T T L TS T o T TS S S S S SE T RSN CC T E CCoCSTCSEZEoS SIS =SESZSEI==S======
| |
i |
i Environmental: HP Class 8 i
| |
{ |
{1 Restrictions: Type tested at product level |
i ]
| |
i |
'=======:===============8=====================:===:=====:===============:==:== |
| I
| Failure Rate: 3.71 (percent per 1000 hours) |
| |

D i o e W e W N ST e e S S W v T S e W P W W S A S i S D e Ea e A G e 4 A M S A M S mm R A M A T e MR R T e MR e AN M N Ae WM W Wr e YR T M EE M ee T wm e aw om em
22+ 2 2+ 4+ P 4 A2 A 2 A 2 2 R R AR R AR R A R R 2R R e

Table 3.0 Power Supply Reauirements = Measured
(At +/=5% Unless Otherwise Specified)

P B e e e S e v wm T e e =S M e e = % A S A S W G A A he M me T D s T M MR T e M S S R T A L e Y M P o SR e M W TR e M A M e e e mm e e w n e e = =
2+ 2 2 5 3+ 2 i - 42 F 2 4 2 F F 22 A 22 P R R 2 R A R R - R

+12 Volt Supply

! | I
| [ |
I [ |
) 0 mA I 2 200 mA d Tad A | a3 50 mA I
I I |
I | I

| |
| 115 voalts ac 220 volts ac |
| |
I A A 2 A I
| |
| NOY APPLICAHLE NOT APPLICABLE |

- - > " S - . T ST W S S S W S S e S S e T TS M S S e e S we T e S U NG MR AR R W TP T T W S mm TP S s SR S SR mv SN wm T SR W e o AN SR e wm = W e e
I+ 4+ 1t ittt ittt ittt 1t ittt i it -ttt ittt it - r 2t r -t
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Taple 4.0 Connector Information

Siqgnal | Sianal |
Name | Description ]

| Connector
| and Pin No.

|

|

|
|9 l | %% PRINTER %* I
| | e | |
| Pin -1 | C#D | Negative True, Printer Strobe |
| I — | |
| -2 | PuWR OWN/FAIL | MNegative Truer,Power On/Failing |
| | | |
| -3 | GnD | Signal Ground ]
| | [ | I
j -5 | FLAG | #Mmegative True, acknowledge Flag |
i - | ]
| -6 | DATA O | LSR = idegative True, Data |
| | e——— | |
| -7 | OATA 1 | - |
| | ———— | |
| -3 |  DATA 2 j - |
| | |
| -9 } DATA 3 | - |
|  JR— | |
| -10 | DATA & | - |
| | m——— I |
| -11 | DATA S | - !
| R — | |
i =12 | DATA 6 i - |
| | | |
| -13 | DATA 7 | MS8 =« Negative lrue, Data |
| | | |
| -18 | +5v | Vee Power i
| | | |
| -19 | +5v | - |
| | | |
| =20 | +5V | - |
| | | |
| =21 | +5V | - |
| | | |
| -22 | GND | Power Return j
| | | |
| =23 | GND i . |
| i | |
| =24 | GAWND i . |
| | | |
] =25 | GND | - |
| | | i
| =26 | GND | . |

- - > o T o e o ——n e e Em e mEE I EE T S IS ST S T e T S TS S S S S S S S RSSSESSSSEEE
P I T T i I T i 1 i 1 it 1 2 1 1 - R e e i e et
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Table 4.0 Connector Information (Cont'q)
) Connector | Signal | Siagnat |
| and Pin nNoe | Name | Description |
l============== =========:======‘=====:::::::::============:===:::::::::::::::'
b2 | | %% POWER SHPFLY *% |
| Pin =1 | +5V | +5VY Power |
| -2 | | n/c |
| -3 | +5v | +5V Power ]
| -4 | +12V | +12Vv Power J
| -5 | GND | weturn for Power |
| -6 ) GND | return for Fower |
| | ——————— | I
{ -7 | PuWR ON/FAIL | w~ejative lfrue, Power On/Failing |
{ -3 | =12V | =12v Power |
| -9 | BATTERY | Positive Hattery Terminal |
| =10 | 3SAIRET | neaative dattery Terminal ]
el et L L L D e b L LR DL Ll b R b DD L LT Ly
{ J3 ] | *%x SWEEP xw* |
| R | |
| Pin =1 | HLFBR] | tNegative true, Half sright vVideo I
| -2 | | N/C |
| -3 | RETURN | return for hait brignt twisted pair |
| | e—e—a—— | |
| =4 | FULLBR] | Neaqative true, Full Bright Video |
| -5 | RETURN | Return for Video twisted pair |
| =6 | KRETUKN | Return for vVrive signals |
| i ——— i I
| -7 | VERDEK | hegative True, vertical drive |
| -8 | HORDR | Horizontal vrive |
R el et e D e e Lt DL R D b Lt D il e m e e~ ——————-
I J4 I | ** KEYROARD xx |
| Pin =1 |  KEYAQ I Key Data (LSF) |
i -2 | KEYA1 | Key Data |
| -3 | KkEYAZ | <Key Data |
| =4 | KEYA3 | key Data |
| -5 | KEYA4 | Key Data |
| -6 | i N/C ]
| =7 | KEYAS ] Key Data }
| -8 | KEYAG | key Data (wdir) |
| | —— | |
| -9 | KEYACT | rey Active (Status of key selecten) |
| =10 | GND | Power Return |
| -11 | BELL | Eell Line |
| =12 | +5v I +Sv Power |

- T . s SP WE G e Wn SR T me WP me S e e i e e = S ww am P M B e mm W S G m M m T T S W W W v e em W Lo me T R T s T e = e W M e  Wn e e A v A e S e e - —
E 22 3 T 2 2 2 2 3 s P 2 2> 3PS E RS 4 A B A M T T T i 2



13220 152¢0=979)53/1)e6
Processor Module Rev JUKE=22=7Y

Table 4.0 Connector Information (Cont'd)

FE 3 1 1 It L -t 2 2 T 1t i i s s 2 1 R

Connector | Sianal | Signal |
ancd pin No. | Name | Jescription |

:::===:===:==='::::::::::::::::|:=========:=====:::::::::=:=====:============|
J5 kx DATA COMB X%

Motes: (n) denotes the RS=232 pin number

|

|

|

J | | |
| Pin =1 |  EXCLK | Times 16 External TTL clock in |
| -2 | +5V | +5V Pod Power J
| =3 | +5v | +5V Pod Power |
] -4 | Gnu | Power Return |
| -5 | OND | Power RrReturn |
| -6 | G | Power rReturn |
| -7 | CH | kate Salect (23) )
| -3 | A i
| -9 ) bBg | Received vata (3) |
| =10 | low/c l
| -1t | €S | Clear To Send (%) )
| =12 | (¢ | bata Set Ready (€) |
| -13 | CF | vata Carrier vetect (3) |
| -14 | SCF ( Secondary vata tarrier Detect (12) |
| =-15 | A3 | Sianal Grouna (7) |
| -16 | 8X(LLKD | Times 2 TVl lLevel Clock Out |
| =17 | 16XCLK( | iimes 16 1L Level Clock Jut |
| -18 | CE | ®ina Indicator (22) |
| -19 |  +12V | +12V Pog Power |
) -20 | =12V | =12v Pod PoOwer |
I -21 | BA | Transmitted Data (2) |
| =22 | CA | Renuest To Send (4) |
| -23 1 €0 | kKeaoy (20) |
| -24 | SCA | Secondary Reqguest To Senc (19) |
| -25 | | nN/C |
| -26 | | n/C |
| =27 | I N/C |
| -28 | | wnN/C |
| -29 | | /¢ |
] =30 | | N/C I
| -31 | | N/ |
| =32 | GND | Peturn |
| =33 | AA | Sniela Ground (1) |
| -34 | | w/C |
| |
| |
I I
| |

P e P T P T T T T T T I T T T 3
T T E 3 3 T 3 P 1 3 1 1 2 3 i 3 2t 12 2t it it 2t i 2t 2t R R R R e R
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3.0 FUNCTTIONAL DESCRIPTION. Refer to the block diagram (figure 1),
schematic diagrams (figures 2=4), timina diagrams (figqures 5=9).,
component location diagram (figure 1U), and parts list
(02620=60033) located in the appencix,.

INTRODUCTION., The Processor module 1s locically dividen into 3
sections; the Microprocessor Controller, Terminal Timing, and the
Video Control Circuitry. These three c¢ircuits will be discussed
in sections 3.1, 3.2, and 3.3 respectively.

5.1 MICROPROCESSOR CONTKROLLER.

Refer to the schematic diagram (figure 2) and timinag diaqgram
(figure S5) located in the appendix. The microprocessor controller
consists of the Z80 Microprocessor, devices that connect directly
to the processor buss and their associated sunport agevices.

3.1.1 Z8() PROCESSOR.
The ZR0O is the main terminal processor. It operates with a

1.8432MHz clocks resulting in 5.43ns cycle time. The address space
is decoded in 8K byte increments by (U/7), and is allocatec as

follows:

ADDRESS RANGE DEVICE

UOUOC=-1FFF First Proqram Rom (U79)

2000-3FFF Second Proaram Rom (U7G1)

GOQ0O=T7FFF available

BGUC=9FFF CM0S scratch pad memory (256 opytes)
AQQQO=DFFF Display memory (4k pytes used)
EOQQ=FFFF available

The 1560's I/0 addresses are impartially cecoded by the most
significant 5 1/0 adaress bits (A7=43), with A2-Ad allowing
tor & registers within each I/0 device. The 1/0 addresses
are allocated as follows:

I/0 ADORESS DEVICE

98 R 99 Datacomm Interface
58 & bHv Keyboard Interface
38 & 3A Printer Interface

10=17/08=0GF available
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The WAIT line is used tc synchronize the 280 with the hardware
display memory accesses (uMAs). 1If the 280 attemnts a display
memory opperation white the Video (ontrol is fetching characters
for display refresh, wAlIT becomes 4dctiver whicn automaticslly nangs
the current Z8&) instruction until the t™4 is none. This makes the
Gisplay memory lockouts transparent to the 230 software, but may
insert up to a 30us delay in each display memory accesse.

PROGRAM ROMS,

The two Program RO™ sockets will accent ary of 2, 4, or fxk=hyte
parts. Address lines AU=A11 are supplied airectly to the RONMs,

while ROM adoress A12 (pin 21) may be conected to either aadress

A12 or +5 volts. This option.allows 27XX EPROMs to be used if

W2 & w4 are installede AiLl other R0OMs snould have w1 % W3 installed.

The ROM arddressed at location Guly (ROMEK) may hbe disaolea by a
external source hy connecting +5V to Wé01.4. This teature allows
in-house testina to use a soecial oiagnostic ROM.

BATTERY BACKED=UP CMOS RAM,

The CM0OS RAYMs (1169 & dJoul) provide the 250 with 255 bytes of fast RAwm
(there are no DMA lockouts). These KAmMms are hattervy backed=-up to
retain the terminal configuration while the terminal is unpowered.

The 2621 uses a 4.2V mercury or 3.8V Litnium pattery for back=up
power. The terminals +5V ana the pattery are diode isolated to
ensure Battery usage only wnen tne terminal is uncowered. The
pattery return (BATRET) is grounded thru a 1K ohm resistor to enable
the measurement of the battery current. The battery specitications
are as follows:

Battery lLimitss, power on or off in Max
Voltage (measured at USY.14) 2.0V 5.5V
Current (voltage across R4) =0,02V  (.0NV
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KEYBOARD INTERFACE.

The keyboard interface is controlled by a 8041 slave microprocessor,
which in addition to scanning the keyboards, rings the bell and
operates as a general purpose 2380 I/0 port. The keyboard processor
scans the entire keyboard every 24ms, and only reports ASCIT or
control key changes to the 780, The external latch (U404), and the
lower 5 bits of PORT2, are. directly accessahle by the Z380 with 3
keyboard commands (see Keyboard chip interface specifications).

The 8 bit latch is writable only, while the 5 bits of PORTZ2 are
bi-directional. These 13 I/0 Lines are used as hardware straos (BAUD
rate select, 50/60 Hz select, simple datacomm enabled, display
blanking), and to handle the datacomm Lines not handled directly by
the datacomm chip. A fimal input, T1, is used to detect a vertical
retrace. This allows the Z80 to obtain retrace or 20Ums timer
interrupnts for software timing applications.

PORT1 of the 8041 is used for keyboard control. The lLower 7 bits are
the inverted key address. These lines are buffered by U505 and
U504.12 to provide additional drive. The state of the addressed key
is returned as KEYACT, and is buffered by U703.8. The remaining bit
in PORT2, P17, is used to drive the bell, and is clocked under
software controle. U203.12 and @4 are used to buffer this signal to
directly drive an 8=ohm speaker. The 6.3ufF capacitor de=-squares the
output waveform, resulting in a purer sounding bell tone.

The 8041 is clocked by DPC2 (5.727MH2), resulting in a machine cycle
time of 2.62us. The inverters in U503, and pull=up resistors R3S
and R34 proyide the Intel recommended TTL drive circuitry.

DATACOMM INTERFACE,

The terminal Data Communications are centered around the M6850 ACIA
(Asyncronous Communications Interface Adaptor). This chip performs
the serial to parallel data conversion for RS$-232 data transmissions
as well as detecting parity, framing, and overrun errors. In
addition, the signals RTS, CTS, ana 0CD are handled by the 6850. The
remaining datacomm signals necessary for RS=232C transmissions are
controlled hy the 8041's I/0 portse.

Buffers U602, UAD3, U702 & U703 provide the necessary level
conversions for RS§S=232C data tranmissions. The 470pF capacitors used
on each driver and receiver are used for slew rate control, and allow
the datacomm lines to be driven up to 19.2K BAUD.



13220

13220=21653/10

Processor Module Rev JUNE=22=~/79

BAUD RATE GENFRATTON.

The 11 supported BAUD rates are derived directly from the 25.7715MmH2z
system clock. Counters U224 X 131 divice this signal hy 14 to
denerate a 1.3432MHz clockes Tnis freauecy 1s used as the 23u clock.
and divided down for the BAJD rate generation. The B&Uy rate
generation circuitry is best describea by tne overall function.

From the 4 rate selects (RATE3, RATEZ, RATE1, & RATE{Q), ana the
1.8432MHz clock, 16 frequencies are generated. With a given rate
selected, the counters U402, U403, and half of 1149 form a tree
running divider chain. The demultinlexer, 401, selects one oT these
frequencies to he used as tne 3AUD rate ovase (5CL¥), which is 16
times the bit rate. HBCLK is used to clock the ACIA, and is aqgain
divided py U49.9 to provide 3 -times=38 clock. Both the &x ana 16x
clocks are buffered by U688, and provided on the Datacomm connector
for external use. The followina table descrites the function of the
BAUD rate counters:

RATE BAUD HCLK BCLK U403 11402 BAUDRATE
VALUE RATE (nz) (us) DIVISOR DIVISOR % ENROR
0 110 1743 574ha 12 11 -o77
1 200 3196 313. 12 12 13

2 6973 143. 12 11
3 12733 7Ra2 12 12
4 14381 695 106 16
S 1800 28763 34.8 10 14 ~.13
6 3600 57526 17.4 16 16 ~«13
7 EXT 0 0 1o 16
& 150 2397 417 o) 16 --13
9 300 4794 209. (o) 16 -.13
A 660 Y545& 104, 6 16 - 13
B 1200 19175 52«2 o 16 .13
C 2400 3586350 26.1 ) 16 - 13
) LUl 76701 13.0 6 16 -.13
E 60N 1535402 6.52 o) 16 -.13
F EXT ) 0 ) 16
Notes:

1 RATE_VALUE = KRATE3x&S + KATEZ?x4 + RATE1x¢ + RATEDX1

Z) Ihe aivisors are tne amount that the counters divige hy.
3) The % error does not include the crystal error.

4) An external input is used instead of 19.2K BAUD
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3.1.7 PRINTER INTERFACE.

The printer interface is controlled by tne I/0 ports of an 8041
processor. PORTZ is used for the printer data, and buffered by
741L538's for extended drive. PORT1 is used for printer control.,
along with providing the 280 with free use of the.unused I/0 pins
(P10-P14, % T0). This 8041 (U75) uses the LC network of (45, C46 &
L1 for the basic clock. This should result in a clock rate of 4 to
6 MHz. The SYNC output (U75.11) should pe in the range of 2.5 to
3.75uS.

The printer interface may be characterized by the following

timing d4iaqram:

FLAG . /

Printer Acknowledaqe: U < T1 <€ 15 Sec
Terminal Acknowledge: 0 < T2 < 200 Us
Printer Done: < T3 € 1 Sec

* Note: The combineo time of T2+13 need only he
greater than 1 Us.
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3.2 TERMINAL TIMING.

FUNCTIONAL DISCRIPT1OiW. Refer to block diaaram (figure 1), schematic
diagram (fiqure 3), and timina diaarams (figures 6=9) located in the
appendixe

3.2.1 SYSTEM CLOCK.

ALL terminal clocks are derived from the 25.7715MKz system clock.
A clock disable is provided to allow an external source to disable
the system clocks and insert a slower clock ratea.

The Hybrid crystal oscillator, U4, generates a 25.7715 MHz TTL Level
clocke In normal operation, 0OSCDSBL and EXTCLK will have no

externral connections, and are pulled high. In this fashion, Uc2.6
and U22.3 will simple act as buffers. 7To use a slower clock rate for
testing, 0SCDSHL must be pulled Low, and then the external clock
supnlied to U22.2 (EXTCLK),

3.2.2 DOT POSITION CONNTER

The dot position counter defines tne width of a character, andg
generates timing sianals needed on a character hasis for the video
display hardware. DMARAS is used to generate dynamic memory timing
signals (RAS & CAS) for each byte fetched by the hardware. 0PCR
and DPLD are used for character control timing. DPC& s used to
edage clock character datar and DPLD is used as a synchronous loaa
enable, also for character data.

U32 counts from 6 thru 14, for a basic divide-by=9 function. DPLD=
(U23.6) detects the count of 14, and is used to syncronously reset
the dot position counter, anc to load cdot data into the viaceo shift
register. DPC3 (US50.8 % U32.11) provide a character data clock, and
is used throuahout the board to clock character data.

3.2.3 CHARACTER POSITION COUNTER.

The character position counter divides a CRT raster into 115 char-
acter positions. The first 80 characters are displayed on the
screens, while the remaining 35 character times are used fer
horizonal retrace. The sianal HBLANK defines these two times.
HPRIVE is the horizontal sync pulse regquired hy the sweep PCA.
This same signal is used to syncronize the switching power supply
to the horizontal sweep ratee.
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The position counter is made up ot U33, U34, and the gating of UZ2.8
and U23.8. The counters are preset to KU (hex) by CP114 (U23.8),
and ao through 115 sequential counts before being syncronously preset
to a RO againe. HDRIVE is generatedq Ly UZ24, and is active auring
CP65~CP72. A transistor (Q1) is used to provide an open collector
drive signal for the power supply. CPWAIT is startea on CF&84 ana is
active for 24 character times. It starts & character times after
the last display memory fetch (CP&U), and quits 6§ character times
(CP107) before the first cdisplay memory fetch (CP114). This insures
that Processor and Vvidec Controller oisnlay memory access are
mutually exclusivee CPWAIT», alona witin vMAROuW, define whether tne
280 or the Video Controller has access to display memory. when
DMAROW is false, the Z80 has unrestricteo access to display memory.
If DMAROW is true, the Z80 will insert wait states in its aisptay
memory operations until CPWAIT is talse. CPwWAIT is also usea to
clock the Character Height % Row counters during horizonal retracea.

3.2.4 CHARACTER HEIGHT AWD ROw COINTERS.

The character height counter is a pseudo divide~oy~15, to account for
the 15 raster Lines per character cell. The character row counter
provides the 26 character rowses and the extra scan lines for vertical
retrace. Fiaoure 5 shows tne relation of these signals during the
frame, To allow the hardware to refresh the CRI at 50 or 6UHzZs, extra
scan lines are added for 504z refresh instead of chanaing the
horizonal sweep frequency. This results in 415 scan lines for 6UHZ,
and 498 scan lLlines for 50rz. A final constrant in the raster control
circuitry is imposed by the AC vertical centering employed by the
sweep PCA. To nerform these ftunctionss, the following 4 states are
deneratea per frame:

a) SSL = Startina Scan Lines
Six Scan Lines are used after vertical retrace to stablize the
nisnlay. This is caused by VLUAD- loading a =6 (9H) into the
CHARACTFR HEIGHI COUNTER, and a =1 (/FH) into the CHARACIER KOW
CCUNTER at the enu of Vertical Retrace.

b) VIDEO - Viceo display
The Character field is formed by 26 character rows of 15 scan
lines eacnh, resulting in 390 scan lines.

¢) ELS = Extra Scan Lines
Far 50dz CRT refreshs, 33 extra scans are added before vertical
retrace. None are added for 60Hz refresha
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d) VR = Verticle Retrace
Vertical retrace period; 19 scans for 60Hz, or 64 scans for S0Hz
opperation.

PMA RPOW DECODE.

The 280 processor is able to complete a display memory access only
when the Video Controller ralinquishes its control. CPUAIT ("3usS).,
which always occurs during horizonal retrace is one such period.

The other periond is during an entire cnaracter row (“4GuS), when the
scan is not refreshing tne CRT display or pertorming a dvnamic
memory retreshe. This is decoded by the signal DMarROW. ("YMA"
represents Display Memory Access by the video generation hardware).
Those raws in which DMA takes place are the followira (for 4K memory
parts):

a) vduring S$SSLs, all rows are used tor DMA, This enables tne
Hardware to fetch the Top.0f_Screen pointer.

b) Durina the first 25 video display rows (CRO=CRZ24), 13 raster
scans (CH2=CHT14) are used for character refresh. The other two
are decoded as CHHBLANK= (CH1 & Cr15), which blanks the screens
and allows the processor to have unrestricted access to display
memory. I[f CR= is activer, which will blank the display, the
video display hardware ~ill only use CH12 for Dynamic Ram
refresh, and allows the processor unrestricted access to the
other 14 rowse.

€) Durina CR25, which is the Soft Key row, atl 15 raster scans are
used for character generation. This is required to aenerate the
inverse video.

d) During ESL and Vertical Retrace (CRGZ5), only CH12 is used
to refresh the dynamic memories. The remaining 14 rows are given
up for unrestricted Processor accesSa

If it is desired to use 16K memory chips instead of the current 4K
devices, part "a" above will change to the 0MA requiring CH15 for all
character rows. This will cause a sionificant reduction in processor
access to display memory, and is not a supported feature.
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3.3 VIDEO CONTROLLER

FUNCTIONAL DISCRIPTION. Refer to the block diaaram (figure 1), and
schematic diagram (figure 4).

The Video Contoller circuitry fetcns the ASCII characters from
display memory, and along with the basic terminal timina signals,
converts them into a serial video dot streama

3.3.1 DISPLAY MEMORY STRUCTURE.

The Display Memory is divided into 3 sections, window Pointers, Row
Pointers, and Character data.

3.3.2 WINDOW POINTERS = The Top_0f_Screen pointer is located at AO0s80. The
value at this location points to the first Row Pointer. This Row
Pointer, as well as the next 23 Row Pointers are used to sequentially
refresh the CRT. The Soft_Xey_lLabel pointer is located at ACR1.
This is a Row Fointer pointing to the agata to be displayeo during the
26th character row (CRZS).

3.3.3 ROW POINTERS - The first 64 bytes of display memory (AQO0-AO3F) are
Row Pointers, and are used to index the character rows. These 8 bit
values form the most Sicnificant 8 bits of the disolay address of the
first character of a displav character rowa The remaining 4 address
bits are zeroed. This allo«4s the Row Pointer to point to any one of
the 256 links in display memory, a Llink being 16 consecutive bytes.

3.3.4 CHARACTER DATA = The remaining portion of disolay memory is used to
store 280 varijables or characters, tacn character row is required
to start at the lLlink teginning, and each row uses 30 consecutive
memory locationsa.

3.3.5 CHARACTER POINTER,

The Character Pointer is a 12-nit reqgister containina the address ot
the next character to be displayeda During CP114, whicn is the last
character time before the 80 displayed characers are fetched, the
Charactepr Pointer is loaded with thne Row Pointer addressed by the
Index Pointer. Since display memory is only 8 bits wider the Least
significant 4 bits are always zeroed. This results in the character
pointer being able to point to any one of tne 256 links in display
memory. This is the address of the Tfirst character to he aisnlayeda
The next 80U bytes are then fetchea trom display memorys, with tne
Character Pointer being incremented after each read.
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3.3.6 ROW INDEX.

The Row Index is a 6 bit reoister which contains the address ot the
row pointer currently being used to index the displayed character
row« During SSL (before the frame starts), the Row Index is
initialized with the Top_0f_Screen Pointer, which is read trom
location AURU. The Top-0f_Screen Pointer points to the first Kow
pointer to be usec. This reqgister is incremented after each
character row is finished, resulting in 24 consecutive row pointers
to be used to refresh the CRT display. with only this 6=bit address.,
location AUDOD automatically follows AQSF, resultine in gutomatically
hardware wrap=around. For the Soft key (abels (26th row), tne Row
Ingdex is set to address Location AUOR1, wnich is then used as the row
pointer for that rowa

3.3.7 DISPLAY MEMORY ADDRESS ULTIPLEXER.

The Display #Memory is addressed from three sources, the Z80, the
Character Pointer, ana the Row Index. These three addresses, 3s well
as the row/column address multiplexina, are controlled by the Display
Memory Address Multiplexer (US51=uU56). Oburing a non=DMA raster scan,
or during part of horizontal retrace (CPwAIT), the Z80 address is
selectedes Only durinag a DMA row are the two pointers enablea. The
character pointer is active during HBLANK (CPU~CP79), and the kow
Index is active during CP114. The Row/Column multiplexing is
controlled by the Display Memory Timing, and is the same for all
three sourcese.

3.3.8 DISPLAY MEMORY TIMING.

The display memory timinag generates the appropiate timing signals for
the dynamic RAM's. A memory cycle beoins with either the DMA or the
280 requesting a Display memory cycle. A DMA cycle is requested by
DMA, with DMARAS used as the timing signal. DOMA will atways fetch 81
consecutive bytes provioed CR is not activated. Wwhen the Z8(C cycle
ardresses the display memory, VDA goes high. When MEMGO is also
high, which is when the Video Controller allows Z8&0 memory access,
the memory cycle Flop is clocked on the rising edaoe of PH4T. Tnis
generates MEMCYCLE, and begins the RAS/CAS shift register. Once the
280 has begun a cycle, it will be finished, even if the CPwAIT
becomes active. This is why CPWAIT pegins 6 character times (2.%u$)
before a NMA fetch occurs. ascyncronous request, RAMCYCLE will go
high. This signal is clocked througn tne delay shift register U3G,
yeilding a 38.8 ns delay for each output tape This timing generates
RAS, Row/Column address select, and CAS sianals. The RAS and CAS
signals, along with the Write signal Yare buffered by US0, a 74S57.
ALL control anad addaress lines are damped with 82-ohm resistors.
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3.3.9 DISPLAY MEMORY.

The Display memory consists of 4K bytes of memory, using standarg
320ns cycle time, 16 pin dynamic memories,

3.3.10 VBB POWER SUPPLY.

The Vbb power supply generates the necessary =5 volt bias for the
dynamic RAMs from the =12 volt supply.

The resistor-divider R45/R4% aenerates a =5 volt reference from the
=12 volt supply. The resistor—-divider was chosen to allow an external
tester to vary the KAM supply voltages by simple varying the main
power supply voltages. U70 is a M1458 operational Amplifiers, usea to
buffer Vbb, with CR5 insuring that tne Vnb supply never exceeds Vdd.

3.3.11 VIDEO BLANKING.

The video blanking circuitry generates screen blankina from the
terminal timing and control signals. The screen is blanked during
the following times:

a) Durina VBLANK. This is during all character rows except tne
26 displaved rows, CRU=CK25

b) Dduring CR24., This is the demarcation line between the 24 row
disnlay, and the Soft_kKey labels.

¢) buring HBLANK+2. Since the characters are delaved by two
character times (bisplay memory fetcin, and the character RuM
look=up time), this sianal 1s run through to character delay
latches (437), betore becoming part of the blanking. lhis
blankina represents the horizontal retrace.

d) wvuring ZBLANK. This signal is Zot) controlled, and allows the
entire display to te vlanked under program controle.

e) During CHBLANK. This is CH1 and CH15 of the first 24 char-
acter rows. These are always olank for a standard character
set (which is all that the 2621 i1s designed to sucportji., so
these scans are externally hlanked to give the Z&80 more
access to the Dynamic memories.
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f) Durinag Ck time. when a carriage return is cetected in
disnlay memory, CR indicates this signal on a character
boundary. This will blank the carriage returnr, as well as
the rest of the row. Optionally, CR may pe generated by
LRLANK, cdepending on the input to U043 (In either caser
CR Wwill give the ZA0 more access time to aisplay memory)e.

BLANK is the Logical "OR'" of the above signals, and used to disable

——— —— - ——

the video drive sianrals, FULLBRT and HLFGRT,.
3.3.12 VIDEO CHARACTER GEWERATIONS

CHARACTER FONT = The basic character cell is a 9=dot by 15=scan Lline
rectangle. within this cell is the 7 x ¥ character, surroundea Dy
one dot on eilther side tor horizontal spacing, four scan lines below
for lower case cnaracter desenderss and one scan line apove and below
for row-to=row spacing. The appearance of the characters is enhanced
by means of a half-shift capability, wnich aenerates smoother angles
and curves by usina extra bits in the character ROM. Each character
scan tine segment is stored in ROM as an 8=bit word. Seven of the
bits (D1-D7) are used fcr the character uots, ana the eignth (00) is
used to snecify Half=shitting of the dot data. If a character scan
is half-shifted, the data is delayed by half a clock cycle, or
shifted to the right on the screen. This increases the effective
character resolution to 13=-dots x 13-scans;, seven unshifted aot
positions, and six interstitial positions.

3.3.13 CHARACTER LATCH = Since the character time of 3549ns i1s faster than
the combined display memory access time and character ROY access
timer, this latch is usea to hold the display memory data while
addressing the Character ROW,

3.3.14 CHARACTER KRO™m = This ROM™ uses the ASCII (Character datar, and the
character scan height to generate the got images. Rit 01 is used to
specify half=-shifting of the particular character heighte.
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3.3.15

5.3.16

SERIAL=TO=PARALLEL-CONVERSION = During dot position 8, the video bits
are loaded into the parallel=to-serial converting shift registers,
U302 &k U303%. To perform the halfshifting of the video dots, both the
normal and half-shifted dots are present at all times. The normal
data is at U303.11. This data is then clocked on the opposite clock
edge in L204.9, resulting in the nalt shiftea data. The Halt=shift
select from the character ROM is saved in U37, and used tc select the
appropriate video bits by the multiplexer function of U102.

VIDEO STREAM = The eighth bit of display memory is used as s display
enhancement. ODuring character row 25 (soft key lapbel row), it is
used to select inverse-half-bright video. For the other rows, it is
used as an underline (or cursor), anrd turns on all dots during
character height 12. The final video dots are stretched by w2 to
form a more pleasing charactera
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4.0 GLOSSARY OF SIGNAL NAMES

A0H 2 Selects a S0H2 or AQHz frame retresh

An 240 address lines (AD=A15, A15 is the MSA)

BATTERY & BATITERRET - Battery connections

BCLK BAUD rate clock (16 times the bit rate)

BELL Speaker drive signal

BLANK Video blanking signal

CAS Dynamic memory Column Address Strobe

CHn Character Height raster count (i=15)

CH1 Top raster scanr of a character row

CH12 Cursor position in a character rows and used for

display memory refresh
CH1S Bottom raster Line of a cnaracter row Optionaltly

used tc refresh 16k memory chips

CHRLANK Blanks Cr1 & Cr15 of the first 25 character rows DMA
is inhipiteo during this time to increase the 230 display
memory access time

CHCn Character hHeight Counter pinary output

CP114 Last character raster position l'sed to reset the
Character FoOsition Counter, and to set up the Character
Pointer before each scan

CPCn Character Position Counter ninary output

CPWATI Cnaracter Fosition wait positions This signal defines the
character positions needed to refresnh the disnlay, and
provicdes a holca=off so Z8Y and OMA memory cycles are
mutually exclusive

CR This processor controlled signal blanks the screen at tne
next character, and inhibtits the DMA durina all raster scans
except CH12, which is used tor vynamic Memory refresh

CR24 Blanking signal for character row 24

CR25 Character Row 25 The Soft key row

CRCn Character Kow Counter bhinary output

CRR Carriage Return Blanking 1Tnis signal detects a

carriaqge return in display memory, to allow the
rest. of the Line to be blanked, if enabled

CRG2S Character Row Greater Than 25 Active during all scans
after the 26 valid video character rows

cS Dynamic memory chip select for 4k partss, or the
seventh address line for 16k parts

CURPOS Cursor position This will adisplay the cursor or

underline during CH12



13220 13220-91033/21

Processor Module Rev JUNE=22=7¢
DDRAM Disable DPynamic Rams Test point to disahle the
dynamic RAM outputs for testing
DISPMEM Display memory access Active wnenever the DMA myst

reac characters from display memory to refresh the RAisg
or oisplay characters

pMaA tisplay Memory Access reauestec hy the Video Controller

DMARAS Mmaster dynamic memory timing signal Gated with an
enable siagnal to begin all DMA RAM timing

DMAROW A row required by the DmA for screen or memory retresh

DPCn Dot Position Counter binary output

oPC2 lisead as the oU41 clock

nPC8 Eage to clock characters about the haradware

bPLD Last dot time in a character, used tor synchronized
character loading

on 280 data bus (0U=P7, U7 is the wSB)

EXTCLK eExternal system clock input Used for testing only

FULLBRT Full priabt vioeo fata
HALFSHFT Specifies half srifted cot uata tor this character

HLFBRT Half briaht viceo data, usea for inverse characters only
HB+1 Horizontal blarking signal delayed by 1 character

time
HEBL ANK Horizortal blanking signal UCTue to the memory access

time and the character ROM access time, this sianal
must be Adelayea bty 2 character times before real
blanking can occur

HDRIVE Horizontal drive signal for sween board Also used to
sync the power supply with the norizontal scan rate

INT 187 interrurt maskaple Lline

10 Sianities a Z&u I/0 reguest opperation

IORER 72860 I/0C recguest or INTERRUPT aCn cycle

KEYACT Key Active, status of selected key

KEYn Key acddress (KEYu=KEY7, KEY7? 1is MSA)

Ln Character ROM ASCIT adata

®1 28D dinstruction fetch cycle

MEMGO Time when L&u has access to the display memory

M in Dampec mewory adcress line

MUXA Selects the Top_Uf.Screen pointer

MU X8 Selects Character pointer

MUXC Dynamic memory kow/Column address select

mn Multiplexea cynarmic memory acdress

NM T tjon maskanle interrupt Lline

NONRNW liseg to fetch the 26th line Causes the Top.0f_Screen

pointer to be resd from display memory address $AU&R1
PWRONFAIL Power cn reset signal, ana power fail indicator
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PHI 30 clock
0SCDSBL Disahles internal 257719 wHz oscillator, ano enables
the external clock

RAS Dynamic memory row address strobe

RATEN SANE rate select binary value

Rv 757 reaa request

RESET Harddare reset

RFSH Indicates a Z8u memory refresh cycle

RFSH16K Ysed to refresh the uoper or lower half of 16k
memory chips

rP128 Enables the urper 3k of risplay memory it 1ok
parts are used

FPCLR ROw pointer clear

RPEN Row nointer enable

RPLD Row pointer Load

RST Flip=Flop reset Allows an external tester to cet
all flops in a know state

RSTLCH Reset latchs, insures thar tne carriace return cetect

circuitry i1s reset at the start of each lLine, anc

disables the cursor Aduring horizonal retrace
SIMPLEDC Simple Datacomm Disables the CTS & 0CO inputs on

the M6850 Required for simple 35-wire Datacomm

SYSCLK System clock, 257715 ¥4z, or the external clock
aoplied to EXTLLK

VBLANK vertical Blanking, Blanks the cisplay on a line by
line basis

VDA Valid Display Address Active wnen the Z&0 1is
addressing tne display memory

VDRIVE vertical nprive to the sweep P(CA

VLOAD vertical Loaa Presets the vertical timing counters

WATT 230 wait input Used to hola off the Z&U guring display
memory access if the DMA 1s active

WD {80 write data reouest

WE write enable to dynamic RAMs

IBLANK 280 slanking, bit set hy the Z8) to blank the

display, and get more display memory processing time
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Replaceable Parts

Reference HP Part |c Q Descripti Mfr ~
: . escription Mfr Part Number
Designation Number |D ty ptio Code be
0262060033 |5 1 PROCESSOR, PCA 28480 0262060033
DATE CODEs Be1912e42
[ 016004557 0 19 CAPACITOReFXD ,1UF +e20% S0VDC CER 16299 CACOUXTRI04M0504A
c2 01604584 7 30 CAPACITOReFXD ,01UF +e20X S0VDC CER 28480 0160=4554
33 01604584 7 CAPACITOReFXD ,01UF +«20% S0VDC CER 26480 01604554
Cy4 0180=1746 S 7 CAPACITOR=FXD 1SUF+=10% 20VDC TA 56289 15001856Xx902082
cs 0160=45%4 7 CAPACITOReFXD ,01UF 420X SOVDC CER 28480 0160=4554
Ce 01602306 3 q CAPACITOR=gXD 27PF ¢=5% 300VOC MICA 28480 0160=2306
c? 0160eu5%4 7 CAPACITOReFXD ,01UF +e20X S0VOC CER 28480 0160=4554
ce D160e4554 7 CAPACITORFXD ,01UF +=20% SOVOC CER 28480 0160=45%4
co 01604587 0 CAPACITORFXD ,1uF +=20% 50vVDC CER 16299 CACO4XTRi0UMOBQA
c10 0180-1746 5 CAPACITORFXD 1SUF+=10% 20VDC TA 56289 1500156ex902082
Ci11t 0100e45%4 7 CAPACITOR«FXD ,01UF +e20X S0VDC CER 28480 01604854
c12 01604554 7 CAPACITOReFXD ,01UF +=20X% SOVOC CER 28480 0160=45%4
13 0160=d5%u 7 CAPACITOR=FXD ,01UF +«20% SOVDC CER 28480 01604854
c14 V160e4554 7 CAPACITOR®FXD ,0JUF +=20% SOVDC CER 28480 016004854
(3% 0160=u5854 7 CAPACITOR®FXD ,01UF +=20X SOVDC CER 28480 0160°4554
Cie 016004554 7 CAPACITOR=FXD ,01UF +=20% S0VDC CER 28480 0160=4554
c17 016024554 7 CAPACITOR=FXD ,01UF +=20% 50VDC CER 28480 01604554
ci8 0loC=uSSy 7 CAPACITOR=FXD ,01UF ¢=20% SOVDC CER 28480 01604554
€19 0160=4554 7 CAPACITOReFXD ,01UF +=20X SOVDC CER 28480 0160=4SSd
c20 0160-4554 ’ CAPACITOR®FXD ,0iUF +=20X SOVDC CER 28480 01p0e45%54
c21 0i160eussd 7 CAPACITOURFXD ,01yF +e20% S0vDC CER 28480 0160=45%4
c22 01604554 7 CAPACITOReFXD ,01UF +e20x S0VDC CER 28480 0160=4554
c23 018netTle ] CAPACITOR=FXD 15uF+=10X 20VOC TA $6289 1500156x902082
ca4 01604584 7 CAPACITORFXD ,01uUF +=20% S0VDC CER 26480 0160=455%4
c2s 0160=4554 7 CAPACITOR=FXD ,01UF ¢=20% SOVDC CER 28480 0160=45%4
(+1] 01604554 7 CAPACITORFXD ,01UF ¢=20% SOVDC CER 28480 0160=4554
ca27 01604554 7 CAPACITOR=FXD ,01UF ¢«20% SOVDC CER 26480 0160=4554
cae 01604554 7 CAPACITOR=FXD ,01UF +=20% S0VDC CER 28480 01604554
c29 0t6neuss? 0 CAPACITOReFXD ,1UF ¢=20% S0vVDC CER 16299 CACOUXTRLOUMOS0A
30 01604554 7 CAPACITOR=FXD ,01UF ¢=20X SOVDC CER 28480 0160=4554
(31} 016224557 [ CAPACITOReFXD ,{UF ¢=20X% SOVOC CER 16299 CACO4XTRI04MOS0A
€3 016004587 0 CAPACITOReFXD ,1UF ¢=20% S0vVOC CER 16299 CACO4XTRI04MOSOA
c33 01604587 0 CAPACITORFXD ,1UF ¢=20X S0vDC CER 16299 CACO4XTRIO4MOSOA
c34 0160-45%7 0 CAPACITOR=FXD ,1UF ¢=20% S0VDC CER 16299 CACO4XTHIO04MOS0A
c3s 01604587 ] CAPACITOReFXD ,fUF ¢=20x SOVDC CER 16299 CACO4XTRIVGMOS0A
Ci6 016024587 0 CAPACITOR=FXD ,1UF ¢220% 50VDOC CER 16299 CACO4XTR104MOS0A
c37 016004557 0 CAPACITOR=FXD ,1UF ¢=20% SOVOC CER 16299 CACO4XTRIOUMOS0A
[31:] 0160=45%7 0 CAPACITOR=FXD ,1UF ¢=20X% 50VDC CER 16299 CACO4XTRI04MOSOA
c19 01604587 0 CAPACITOR=FXD ,1uUF +=20% SOVDC CER 16299 CACO4XTRIOUMOSOA
cuo 0160-4587 [} CAPACITOR=FXD ,fUF ¢=20X SOVOC CER 16299 CACOUXTRIOGMOS0A
cut 01gneu58y L] CAPACITOR=FXD ,1UF +=20X SOVOC CER 16299 CACOUXTRIOUMOS0A
Cu2 016004557 0 CAPACITOR=FXD ,1UF ¢=20X SO0VDC CER 16299 CACO4XTRIO4MOS0A
cal 01604557 0 CAPACITOR=FXD ,1UF ¢=20X SOVOC CER 16299 CACOUXTRIO4MOS0A
cad 016024587 0 CAPACITOReFXD ,1UF ¢=20% S0VDC CER 16299 CACOU4XTRIO04MOSOA
c4s 016022306 3 CAPACITOPeFXD 27PF ¢e5X 300VDC MICA 28480 0160=2306
Cue 01602306 3 CAPACITOR«FXD 27PF ¢eSx 300VDC MICA 28480 0160e2300
Cua7 0100e4554 7 CAPACITOReFXD ,01UF +e20X% S0VOC CER 28480 0160e48S4
Cud 0160=4554 7 CAPACITOP=FXD ,01UF +=20X% S0VDC CER 28480 0160-4554
Cu9 0160=4557 0 CAPACITOR=FXD ,1UF ¢=20% SOVDC CER 16299 CACO4XTRIO4MOS0A
€50 0160w4857 0 CAPACITOReFXD ,1UF ¢=20X S0VDC CER 16299 CACOUXTRI04M050A
cs1 0180=1701 2 1 CAPACITOR=FXD 6,8UF4=20% 6VDC TA 56289 18500685X0006A2
£se 01603335 0 13 CAPACITORFXD 4T0PF +¢=10% 100VDC CER 268480 0160=3335
cs3 0160=333% 0 CAPACITOP=FXD 470PF ¢=10X 100VDC CER 28480 0160=3335
cs4 0160=3335 0 CAPACITOR=FXD 470PF ¢«10% 100VDC CER 28480 0160=333%
(4117 0160=3335 0 CAPACITOR=FXD 470PF ¢=10% 100VDC CER 28480 0160=3335
cseé 0160=333S 0 CAPACITOR«FXD 470PF ¢=10% $100VDC CER 28480 0160=3335
cs? 01604554 7 CAPACITOR®FXD ,01UF +=20% SOVDC CER 28480 0160=48%54
(41} 0180et746 5 CAPACITOR=FXD 1SUF+=10% 20VDC TA 56289 15001S6X902082
cs9 0180=1746 s CAPACITOReFXD 1SUF+=10X 20VDC TA 56289 1500156X902082
Co0 0160=455%4 7 CAPACITUR®FXD ,01UF +=20% SOVDC CER 28480 016024554
.
Cel 01604554 7 CAPACITOR=FXD ,01UF +e20% SovOC CER 208480 016024554
Coe 01604554 7 CAPACITORFXD ,01UF +e20% %0VDC CER 28480 016004554
ce3 0180e1740 S CAPACITOR=FXD {5UF+=10% 20VOC TA 56289 1500150Xx902082
Co4 0160=3335 ] CAPACITOR=FXD 470PF +e10X 100VDC CER 28480 0160=3335
(43 03160=3335 0 CAPACITOR«FXD 470PF +=10X 100VDC CER 28480 0160=3335
Coe 01603335 0 CAPACITORFXD 470PF ¢e10% 3100VOC CER 28480 016023335
Co7 0180=174b S CAPACITURFXD {S5UF+=10% 20VDC TA 56289 150D156x902082
Co8 0160=3335 0 CAPACITOR=FXD 470PF ¢=j0X 100VOC CER 28480 0160=3335
€69 01603335 0 CAPACITUR=FXD 470PF +=10X 100VOC CER 28480 0160-3335
cr0 0160=u554 r CAPACITOR=FXD ,01UF +=20% S0VDC CER 268480 0160=4554




Replaceable Parts

Reference HP Part ic| Descripti Mfr

: . scription Mfr Part Number
Designation | Number (D ty pt Code

crt 01oN=333S (] CAPACITOR=FXD U470PF ¢=10X 100VOC CER 28480 0100'3)}5
cre 0160~2306 3 CAPACITOR=FXD 27PF +=5% 300VDC MICA 28480 0160=2306
cr3 0160=333S 0 CAPACITOR=FXD 470PF +=10% 100VDC CER 28480 016023335
C74 0{60=3335 ] CAPACITOReFXD 470PF +=10X% 100VDC CER 28480 0160=3335
CRY 19010050 3 [ DIODE=SWITCHING 80V 200MA 2NS D0=-3% 28480 1901=00%0
CRe 190100%0 3 DIODE=SWITCHING BQV 200MA 2NS 00«35 28480 19010050
cR3 190100580 3 DIODE=SWITCHING 80V 200MA 2N8§ 0Q=3% 28480 1901=0050
CRY 1902=0976 q 3 DIODE=ZNR 14,5V PDOBSH TCs+,088% IRsSUA 11961 1.S8E16C
CRS 1902«0976 4 OI0DE=ZNR 14,5V PDESH TC=+,088% IRmSUA 11961 lo!SElBQ
CRé 1902=097¢ 4 DIODE«ZNR 14,5v PDaSw TC=¢,088% IReSUA 11961 1,58E18¢C
CR? 19010050 3 DICODE=SWITCHING 80V 200MA 2NS D(=3% 28480 1901=00%0
J1 12515500 9 1 CONNECTOR 26=PIN M PUOST TYPE 28480 12513500
J2 12518521 4 1 CONNECTOR 9«PIN M POST TYPE 28480 1251=5521
J3 12515520 3 1 CONNECTOR 7=PIN ™M POST TYPE 28480 1251=5520
Je 12515499 5 1 CONNECTOR 16ePIN M POST TYPE 28480 1251=%499
Js 12518546 3 1 COMNECTOR 34=PIN M POST TYPE 28480 1251=5846
Lt 9100=2272 L 1 COIL=MLD 4TUN 10X QmAS ,095DX,25LG=NOM 28480 9100=2272
Q1 185%54-0019 3 2 TRANSISTOR NPN 81 TOwiB POB36OMW 249480 18S4w0019
Q2 18540019 3 TRANSISTOR NPN SI TOe=18 PO8360MW 28480 1854=00149
Q3 1854=0467 5 2 TRANSISTOR NPN 2N4401 8] TO=92 POm31OMW 04713 eNdg4oy

Q4 1854e=04b? 5 TRANSISTOR NPN 2N4401 SI T0=92 POS310OMWN 04713 2N440y

R 068324728 2 11 RESISTOR 4,7K Sx ,25W FC TC®wd00/4700 0112 CBuT2S

R2 06831038 1 2 RESISTOR 10K SX ,25W FC TCS=400/4700 01121 CB103S

R3 0683=472%8 2 RESISTOR 4,7K SX ,2%5W FC TC®=Ud00/¢700 (3BT 31 CB4TRS

RY 06831025 9 15 RESISTOR 1K 5% ,25W FC TCae400/+4600 0i12} cBgo02s

RS 0683-4725 2 RESISTOR 4,7K 8% ,2%5W FC TCme400/¢700 oi1et CB4v2S

Ré& 0683=4725% e RESISTOR 4,7k 5% ,25W FC TCe=d00/+700 o1t co472s

R7 0683=471% 0 3 RESISTOR 470 SX ,25# FC TCEwd400/+600 o112t CB4T1S

RS 068382085 1 11 RESISTOR 82 SX ,25n FC TCmel400/+500 oites CB8205

R9 2100=3352 7 1 RESISTOReTRMR {K 10X C SIDE=ADJ 1=TRN 28480 2100=33%2
R10 0683=102% 9 RESISTOR 1K SX ,254 FC TCw=400/¢600 0114 CBioes
R11 068304725 2 RESISTOR 4,7K 5% ,25# FC TC®=y00/+700 01121 cB4r2s
R12 06834725 2 RESISTOR 4,7K SX ,254 FC TCmey0o/¢700 01121 ceqres
R13 0683-102% 9 RESISTOR 1K SX ,25# FC TCe=400/+4600 01124 cBroas
R14 06831025 9 RESISTOR 1K S5X ,25W FC TC®=400/+600 (IR $} cB102%8
R1S 0683=102% 9 RESISTOR 1K SX% ,25W FC TC==Ud00/+600 01121 celo2s
R1& 06831518 2 1 RESISTOR 150 SXx ,25W FU TCw=400/+600 o112t CB151S
R17 0683=472S .2 RESISTOR 4,7K SX ,25W FC TC3wl00/+700 01121 c8472S
R18 18100279 s 1 NETWORK=RES 10=8IP4,7K OHM X 9 oi1el 210A472
R19 0683=4715 0 RESISTOR 470 SX .25~ FL TC®=400/+600 01181 CB4718
R22 06834725 2 RESISTOR 4,7k Sx ,25W FC TC2e400/+700 o112t CBurgs
R23 0683=8208 1 RESISTOR 82 SX ,25W FC TCx=d400/+500 o124 cudaus
R24 0683=8205 1 RESISTOR 82 SX ,25W FC TCm=400/+4500 01121 CB820S
R2S 0683«8205 1 RESISTOR 82 SX ,25wW FC TC==d400/+%500 ot1et cB88208
R26 0683=8205 1 RESISTOR 82 5% ,25W FC TC==400/+500 ot1et Ce8205
R27 0683-8208 1 RESISTOR 82 S¥ ,25W FC TC3«400/+500 0ft1ey c8820%
28 0683-8205 1 RESISTOR 82 SX ,25W FC TCweq00/+500 0112t CB820S
R29 0683-820% 1 RESISTOR 82 5% ,25W FC TCm=d00/+500 vl1es cB820S
R30 0683=472% 2 RESISTOR 4,7K 5X ,25W FC TCmed00/¢700 o114 c847eS
R31 V68324718 n RESISTOR 470 SX ,25W FC TCme400/+600 o)1y CB4T7LS
R32 0683-102% 9 RESISTOR (K 5% ,25W FC TCued00/+600 oitet cBioas
R33 068341028 9 RESISTOR 1K 5% _25W FC TCBe400/4600 01121 CBio2s
R34 0683=102% 9 RESISTOR 1K SX ,2%W FC TCmed00/+b00 [RR T3 cB1025
R36 0683-1025 9 RESISTOR (K 5X ,25W FC TCm=d00/+600 oriel cBiues
R37 0683=8205 1 RESISTOR 82 5% ,25W FC TCme400/+500 01124 £B820s
R38 0683-8205 1 RESISTOR 82 35X ,25wW FC TCm®=y400/+500 ot1et cBsz2o0s
R39 06838205 1 RESISTOR 82 5% 250 FC TC%e400/4500 01121 CB820S
RY0 0683=1035 1 RESISTOR 10K SX ,25# FC TCwedQ0/¢700 01121 cB103s
R4t 0683«1025 9 RESISTOR iK SX ,2SW FC TC®«d400/+600 01121 csi02s
R4 0683<1025 9 RESISTOR 1K SX ,25W FC TC®e400/+600 og12t CB102S
R43 0683=4705 8 1 RESISTOR 47 5% ,25W FC TCme400/+500 o112t CByv0S
LLL] 068321025 9 RESISTOR {K S5X 25w FC TCwed400/+600 01121 cBtoes
R4S 0698«315%7 3 1 RESISTOR 19,6K 1X ,3125W F TCmOse100 24548 Cldmi/BaTlel02eF
Rué 0698=4479 [] 1 RESISTOR 14K 1% ,125W F TCRO+=100 24S4e Cde1/8=T0eid02eF
RY? 0683=1025 9 RESISTOR 1K 5% ,25nW FC TC3=400/4600 ot1et CR10eS
Ru48 0683-1025 9 RESISTOR 1K SX ,2%% FC TC=e400/4600 01124 cBLoRs
RY49 0683-1025 9 RESISTOR 1K 5X 250 FC TCae400/¢600 o112t cB102s
RSO 06834725 ri RESISTOR 4,7K SX ,25W FC TC3wd00/4700 01121 £B472s
RS1 0683=472% e RESISTOR 4,7x 8% ,25W FC TCE=400/¢4700 o112t ceares
RS2 068601015 3 1 RESISTOR 100 5% ,5% CC TC®0+4529 oi1et E8101S
TP1 0360=0124 3 4 CONNECTORe8GL CONT PIN ,04«INe38C=8Z RND 28480 U3g0=0124
P2 0300=0124 3 CONNECTOR=8GL CONT PIN ,04=IN=8SCeSZ RND 28480 0360=0124
1”3 u360e0t24 3 CONNECTOR8GL CONT PIN ,04eINeBSC=8Z RND 28480 0360=0124
P4 036n=0124 3 CONNECTOReSGL CONT PIN ,04=INeB8CeSZ RND 28480 03600124




Replaceable Parts

Reference HP Part |c Q o Mfr

: . t Description Mfr Part Number
Designation | Number |D Y P Code

u1o 1820=1202 7 1 IC GATE TTL L8 NAND TPL 3=INP 0329% SNTULSION
uts 1820~1282 3 1 IC PF TTL L8 Jek BAR POS=EDGE=TRIG 0129% SNT4L8109AN
uie 1820=1144 [ 4 IC GATE TTL LS NOR QUAD 2e]INP 01298 SNT4L802N
U3 1820=1201 ] 1 IC GATE TTL LS AND QUAD ReINP 01295 SNTULSOBN
usé 1R20=1216 3 2 IC OCOR TTL LS 3eT0=8sLINE 3«INP 01298 SN74L8138N
u1s 1820=1430 3 13 IC CNTR TTL L8 BIN SYNCHRO POS~EDGE=TRIG 01295 SN74L8161AN
uie 18201430 3 IC CNTR TTL L8 BIN SYNCHRO POSeEDGETRIG 01298 SN74L8161AN
ui? 1820-1425 ) 1 IC SCHMITT=TRIG TTL LS NAND QUAD 2eINP 01295 8NT4L8132N
Ueo 18200681 4 4 IC GATE TYL 8 NAND GUAD 2e«INP 01295 SN74800N
'} 18201197 9 4 IC GATE TTL L8 NAND QUAD 2=INP 01298 SNT4LSOON
vee 182n=0b8Y 4 IC GATE TTL 8 NAND QUAD 2e]INP 0129% BNT4800ON
Vel 18200685 8 2 IC GATE TTL 8 NAND YPL 3eINP 01295 SNTU810N
'rL] 182000693 8 1 IC FF TTL § D=TYPE POS=EDGE=TRIG 0129% SNTU8TUN
ves 18200681 4 IC GATE TTL 8 NAND QUAD 2e]INP 0129% SNT4800N
veo 1820=111¢ ] 1 IC FF TTL LS DeTYPE POS~EDGE=~TRIG 01298 SNTULST4N
va? 1820-1197 9 IC GATE TTL LS NAND QUAD 2eINP 01298 SNT4L800ON
[TF1] 1820=1144 6 IC GATE TTL LS NOR QUAD 2eINP 01298 aNT4L 802N
uso 18201303 ° 3 IC SHF=RGYR TTL 8 R=8 PRL=IN PRL=0OUT 0129% SNT48195N
Ust 1820=1430 3 IC CMTR TTL LS BIN SYNCHRO POSeEDGE=TRIG 01298 SNT74LS161AN
us2 1820=1453 0 1 IC CNTR YTL 8 BIN SYNCHRU POS-EDGE=TRIG 01298 SNT48163N
u33 18201430 3 IC CMTR TTL L8 BIN SYNCHRO POSeEDGE~TRIG 0129% gNTa8181AN
usé 1820=1430 3 I1C CNTR TTL LS BIN SYNCHRO POS=EDGE=TRIG 01295 SNT4L8181AN
u3is 1820=1430 3 IC CNTR TTL LS BIN SVNQNRO POS=EDGE=TRIG 01295 SNT4L8161AN
use 1820=1144 6 IC GATE TTL LS NOR QUAD 2=INP 01295 SNTULBORN
us? 1820=1198 8 H IC FF TTL L8 DeTYPE POQ-;DGE-YRXG com 01295 SNTULSITUN
use 1201206 1 1 IC GATE TTL LS NOR TPL 3«INP 0129% §NT74L 827N
us9 1820-1204 9 1 IC GATE TTL L8 NAND DUAL d4=]NP. 01295 SN74L820N
vao 09600528 3 1 CRYSTAL OSCILLATOR 25,774 28480 0960=0528
uat 18201430 3 IC CNTR TTL L8 BIN SYNCHRO POS«EDGESTRIG 0129% SNTULBIBIAN
uge 18201430 3 IC CNYR TYL L8 BIN SYNCHRO POSeEDGE=TRIG 01295 SNTULS161AN
y4l 1820=1430 3 ICc CNTR TTL L8 BIN SYNCHRO POS=EDGE=TRIG 0129% SNT4L8161AN
'L 1A20e1430 3 IC CNTR TTL L8 BIN SYNCHRO POS=EDGE=TRIG 01298 SN74L816LAN
u4s 1829+1430 3 IC CNTR TTL LS BIWN SVNQHRO POS=EDGE=TRIG 01298 !N?“LSI@IAN
['['L) 1820-1197 ° IC GATE TTL L8 NAND QUAD 2=INP 01298 SNT74L80ON
ua7 1820=1196 8 IC FF TTL L8 DeTYPE Pog-EDGE-TRIG com 0129% SNTAL8ITUN
IT'Y.] 1820=1209 4 2 IC BFR TTL LS NAND QUAD 2eINP 01295 BN74LS3BN
ue9 18201443 8 1 IC CNTR TTL LS BIN ASYNCHRO 0129% SNTUL8293N
uso 18201450 7 1 IC BFR TTL 8 NAND QUAD 2e=]NP 01295 SNT74B3IIN
ust 1820=1217 4 7 IC MUXR/DATASEL TTL LS 8eTOetelINE 01298 SNTULSISIN
us2 1820=1217 [ IC MUXR/DATASEL TTL L8 B8eTO=ie INE 01295 SN74LSISIN
us3 182¢0=1217 4 1C MUXR/DATA=SEL TTL LS BeTQeleINE 01298 SNT4LBISIN
usy 1820=1217 4 IC MUXR/DATA=SEL TTL LS BeTOejel INE 01295 SNTULSISIN
uss 1820=1217 4 IC MUXR/DATASEL TTL LS B8=TOejelINE 01295 SNTULSISIN
usé 1820=1217 4 IC MUXR/DATASEL TTL LS 8aTOeielINE 01295 INTULBLSIN
us? 1820=2024 3 1 IC DRVR TTL LS LINE DRVR OCTL 01295% SN74LS244N
Us8 1820=1209 4 IC BFR TTL LS NAND WUAD 2=INP n129s SN74L838N
(’TY} S$080«0108 4 8 RAMeyK 28480 50800108
ust S080«0108 4 RAMe UK 28480 $080=0108
Ve 50800108 4 RAMa YK 28480 $0680+-0108
Uel S5080.0108 4 RAMedx 28480 $080-0108
ved 5080=0108 4 RAMwdK 28480 SuB0=03108
UeS 50800108 4 RAMedK 28480 50800108
vse S080=0108 4 RAMa 4K 28480 S080=0108
ve? $080=0108 4 RAMayK 28480 5080-0108
uss 18201074 1 1 IC DRYR TTL NOR QUAD 2=INP 0129% 8N74128N
us9 181820708 1 H IC CMDS §K RAM STAT 650eNS 3=8 3141 85101LP

uro 1826=0139 9 1 IC 0P AMP GP DuAL 8«D]P=P 01928 CAL4586

ur7? 18201216 3 1C DCOR TTL LS 3eTOw8eLINE 3=INP 01295 SN74L8138N
urs 1820-2188 0 1 1C MICPROC NMOS 8-B81T sSop8s MK3B8ON
g0y 1820=1397 3 1 IC SCHMITTTRIG TTL 8 NAND QUAD 2«INP 01298 BN748132N
U102 1820=0681 4 IC GATE TTL 8 NAND QUAD 2eINP 01298 SN74800N
U103 1820=0685 8 IC GATE TTL 8 NAND TPL 3eINP 031295 SN74810N
U201y 1820=1208 3 1 IC GATE TTL LS OR QUAD 2eINP 0129S SNT4L83N
v202 18201197 9 IC GATE TTL LS NAND GUAD 2eINP 01295 SNT4LSOON
ue03 18201199 1 3 IC INV TTL LS HEX jeINP 01299 SNT4L8OUN
y2o4 18200629 [ 1 IC FF TTL 8 JeK NEG=EDGE=TRIG 01295 §NT48YIEN
u3o2 18201303 9 IC 8HF=RGTR TT[ 8 Re8 PRLeIN PRL=0UT 01295 SNT4819SN
V303 18201303 9 I1C 8HF=RGTR TTL 8 R=8 PRL=IN PRL=OUT 01295 SNTU81 95N
U304 1820=)144 [] I1C GATE TTL LS NOR QUAD 2=INP 01298 8NT74L80N
U401 182ne1217 4 IC MUXR/DATA®SEL TTL LS BeTOwi=LINE 0129% SNT4LSISIN
V402 18201430 3 IC CNTR TTL LS BIN SYNCHRQO PUS*EDGE=TRIG 01295 SNJ4LS161AN
u4osy 10201430 3 IC CNTR TTL LS BIN SYNCHRO POSEDGE=TRIG 0129% SNT4LS161AN
vaog 18201730 -] 1 IC FF TTL LS D=TYPE PO3=EDGE=TRIG COM 01299 SNTA4LS273N
usot 1820«1690 ? 1 IC MICPROCeACCESS NMOS 8eBIT 04713 MCeBSOL
ysol 1R20=1199 1 IC INV TTL LS HEX 1sINP 01298 SN74LS04N




Replaceable Parts

Reference HP Part |c Q Descripti Mfr
: : escription Mfr Part Number
Designation | Number |D ty p Code
usoy 1820«1200 S 1 IC INV TTL LS HEX 01298 SNT4L 805N
usos 1820=1199 1 IC INV TTL LS HEX IsINP 01298 SNT4LS0UN
Uso01 181800708 t IC CM08 1K RAM STAT 650eN3 38 331471 85108LP
Uso2 1820=0509 s 2 IC DRVR OTL LINE DRVR QUAD 04713 MC14880L
Veo3 18200990 8 e IC RCVR DTL NAND LINE GQUAD 04713 MC1469AL
yroe 1820«0509 s IC DRVR OTL LINE ORVR GQUAD 04713 MC1488,
uro03 18200990 8 IC RCVR DYL NANDO LINE QUAD 04713 MC1489AL
Wi 81%59=0008 0 H WIRE 22AWG W PVC 1X22 80C 28480 81%9=0005
w3 8159=0005 0 WIRE 22AWG W PVC 1X22 80C 28480 8159200095
xues 12000638 7 1 SOCKET=IC 14«CONT DIPe8LOR 28480 1200=0638
Xus? 1200%0639 8 1 SOCKETeIC 20eCONT DIP-QLOR 28480 1200'06§9
XU60 1200=0607 0 -] SOCKET«IC 16«CONT D!P-?LDR 28480 12000607
Xyet 120000607 [ SOCKET=IC 16=CONT DIPeSLDR 28480 1200=0607
XUe2 1200=0607 ] SOCKET=IC 16=CONT OJP=S8LOR 28480 12000407
xyéel 1200.0607 0 SOCKETeIC 16=CONT OIPeSLDR 28480 1200e0607
VY] 12000607 0 SOCKET=IC 16=CONT DIP=BLDR 28480 1200=0607
Xués 1200=0607 0 SOCKETe«IC 16=CONT DIP=SLLR 28480 1200e0607
Xubs 1200=0607 0 SOCKET=IC 16=CONT DIP=8LOR 28489 1200=0607
xue? 1200=0607 0 SOCKET«JC 16=CONT DIP=SLDR 28480 1200=0607
Xue9 1200=00612 7 e SOCKEY=IC 22=CONT DIP=SLDR 28480 1200e0612
xu7s 1200=006%4 7 3 SOCKET=IC 40=CONT DIP DIPeSLDR 28480 1200=0054
Xu78 1200e06%4 7 SOCKET=[C 40=CONT DIP DIPeSLDR 28480 1200=065%4
xur9 1200e0541 1 4 SOCKET«]C 24«CONT DIP DIP«SLOR 28480 1200=0841
xUu3ot 1200e0541 1 SUCKET=[C 24«CONT DIP DIPeSLDR 28480 1200=084}
xXUS01 1200e0541 1 SOCKET=IC 24«CONT DIP DIPeSLODR 28480 1200=0841
xusoe 1200«0654 7 SOCKET=IC 40=CONT DIP DIP=SLOR 28480 12000854
xXUseot 1200%00612 7 SOCKET=IC 22«CONT DlPe§LDR 28480 1200=0612
XU701 1200e0541 1 SOCKET«IC 24=CONT DIP DIP<SLDR 28489 120000841
02620=80033 |7 1 ETCHED BOARD 28480 02620=80033




WFR
NG,

o121
01295
01928
04713
11961
16299
24546
28480
31471
%0088
56289

MANUFACTURERS

MANUFACTURER NAME

ALLEN=BRADLEY CO

TEXAS INSTR INC SEMICUND CMPNT DIV
RCA CORP SOLID STATE DIV
MOTOROLA SEMICONDUCTOR PRODUCTS
SEMICON INC

CORNING GL wk ELEC CMPNT DIV
CORNING GLASS WORKS (BRADFORD)
HEWLEYT=PACKARD CO CORPORATE MG
AMERICAN MICRO SYSTEMS INC
MOSTEK CORP

SPRAGUE ELECTRIC €O

COPDE

LI1srT

AS OF

ADDRESS

MILWAUKEE
DALLAS
SOMERVILLE
PROENIX
BURLINGTON
RALEIGH
BRADFORD
PALD ALTO
SANTA CLARA
CARROLLTON
NORTH ADAMS

097297719

1314
cooe

53204
75222
08876
85062
01803
27604
16701
94304
95051
75006
0la47
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