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TERMS AND CONDITIONS OF SALE AND LICENSE OF TANDY COMPUTER EQUIPMENT AND
SOFTWARE PURCHASED FROM RADIO SHACK COMPANY-OWNED COMPUTER CENTERS, RETAIL
STORES AND RADIO SHACK FRANCHISEES OR DEALERS AT THEIR AUTHORIZED LOCATIONS

LIMITED WARRANTY
CUSTOMER OBLIGATIONS

STOMER assumes full responsibility that this computer hardware Rgrdlased (the "Equipment”), and any
copies of software included with the Eﬂ:‘,i,pmm or licensed segaratey (the "Software'’) meets the specifications,
cﬁ)acl , capabilities, versatility, and other requirements of CUSTOMER.

B. CUSTOMER assumes full responsibility for the condition and effectiveness of the operating environment in which
the Equipment and Software are to- function, and for its installation.

LIMITED WARRANTIES AND CONDITIONS OF SALE

A. For a period of ninety (90) calendar days from the date of the Radio Shack sales document received upon
purchase of the Equipment. RADIO SHACK warrants to the original CUSTOMER that the Equipment and the
mediu’n:h:pon \:'hlcﬂm Ssgﬂﬁrare is :;tor%? is mﬂ:s hf.rrm manufactm g:l%‘s This warranty Is onln applicable

393 pment by the customer Shack company-owned computer
:uu'n, retall stores, and Radio Shack franchisees and dealers at their authorized locations. The warranty is
void if the Equipment’s case or cabinet has been opened, or if the Equipment or Software has been subjected to
improper or abnormal use. If a manufacturing defect is discovered during the stated warranty period, the defactive
Equipment must be returned to a Radio Shack Computer Center, a Radio Shack retail store, a participating Radio
Shack franchisee or a participating Radio Shack deaer for repair, along with a copy of the sales document or
lease agresment. The original CUSTOMER'S sole and exclusive remedy in the event of a defect is limited to the
correction of the defect by repair, replacement, or refund of the purchase price, at RADIQ SHACK'S election and
sole expense. RADIO SHACK has no obligation to replace or repair expendabie items.

B. RADIO SHACK makes no warranty as to the design, capability, caj , or suitability for use of the Software,
except as govlded in this paragraph. Software is licensed on an “AS 15" basis, without warranty. The original
CUSTOMER'S exclusive remedy, in the event of a Software manufacturing defect, is its repair or replacement
within :hi%(so) calendar days of the date of the Radio Shack sales document received upon license of the
Software. defective Software shall be returned to a Radio Shack Computer Center, a Radio Shack retail store,
a participating Radio Shack franchisee or Radio Shack dealer along with the sales document.

C. Except as provided herein no omplome, a%em, franchisee, dealer or other person is authorized to give any
warranties of g'\‘y naturs on behalf of RADIO SHACK.

EXCEPT AS PROVIDED HEREIN, RADIO SHACK MAKES NO EXPRESS WARRANTIES, AND ANY IMPLIED

WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAA PURPOSE IS LIMITED IN ITS DURATION

T0 THE DURATION OF THE WRITTEN LIMITED WARRANTIES SET FORTH HEREIN.

E. Some states do not allow limitations on how fong an implied warranty lasts, so the above limitation(s) may not
apply to CUSTOMER.

LIMITATION OF LIABILITY

A. EXCEPT AS PROVIDED HEREIN, RADIO SHACK SHALL HAVE NO LIABILITY OR RESPONSIBILITY TO CUSTOMER
OR ANY OTHER PERSON OR ENTITY WITH RESPECT TO ANY LIABILITY, L0SS OR DAMAGE CAUSED OR
ALLEGED TO BE CAUSED DIRECTLY OR INDIRECTLY BY “EQUIPMENT” OR “SOFTWARE" SOLD, LEASED,
LICENSED OR FURNISHED BY RADIO SHACK, INCLUDING, BUT NOT LIMITED TO, ANY INTERRUPTION OF
SERVICE, LOSS OF BUSINESS OR ANTICIPATORY PROFITS OR CONSEQUENTIAL DAMAGES RESULTING FROM
THE USE OR OPERATION OF THE “EQUIPMENT” OR *'SOFTWARE.” IN NO EVENT SHALL RADIO SHACK BE
LIABLE FOR LOSS OF PROFITS, OR ANY INDIRECT, SPECIAL, OR CONSEQUENTIAL. DAMAGES ARISING OUT OF
ANY BREACH OF THIS WARRANTY OR IN ANY MANNER ARISING OUT OF OR CONNECTED WITH THE SALE,
LEASE, LICENSE, USE OR ANTICIPATED USE OF THE “EQUIPMENT" OR ‘‘SOFTWARE.”

NOTWITHSTANDING THE ABOVE LIMITATIONS AND WARRANTIES, RADIO SHACK'S LIABILITY HEREUNDER FOR
DAMAGES INCURRED BY CUSTOMER OR OTHERS SHALL NOT EXCEED THE AMOUNT PAID BY CUSTOMER FOR
THE PARTICULAR “EQUIPMENT" OR “SOFTWARE" INVOLVED,

B. RADIO SHACK shall not be liable for any damages caused by delay in delivering or furnishing Equipment and/or

are.

C. No action arising out of a% claimed breach of this Warranty or transactions under this Warranty may be bmughh:
more than two ?2) t‘}(r)aars er the cause of action has accrued or more than four (4) years after the date of
Radio Shack sales document for the Equipment or Software, whichever first occurs.

D. Some states do not ailow the limitation or exclusion of incidental or consequential damages, so the above
limitation(s) or exclusion(s) may not apply to CUSTOMER.

. SOFTWARE LICENSE

E

RADIO SHACK %rams to CUSTOMER a non-exclusive, paid-up license to use the TANDY Software on one computer,

subject to the following provisions:

A.  Except as otherwise provided in this Software License, applicable m)yriaht laws shall apply to the Softwars.

B. Title to the medium on which the Software is recorded (cassette and/or diskstte) or stored (ROM) is transterred to
CUSTOMER, but not title to the Software.

C. CUSTOMER may use Software on a multiuser or network system only if either, the Softwars is expressiy labeled
to be for use on a multiuser or network system, or one copy of this software is purchased for each node or
terminal on which Software is to be used simultaneously.

D. CUSTOMER shall not use, make, manufacture, or reproduce copies of Software except for use on one computer
and as is specifically provided in this Software License. Customer is expressly prohibited from disassembling the

Software.

E. CUSTOMER Is permitted to make additional copies of the Software only for backup or archival purposes or if
additional copies are required in the operation of one computer with the Software, but only to the extent the
Software allows a backup copy to be made. However, for TRSDOS Software, CUSTOMER is permitted to make a
limited number of additional copies for CUSTOMER'S own use.

F. CUSTOMER may resell or distribute unmodified copies of the Software provided CUSTOMER has purchased one
copy of the Software for each one sold or distributed. The provisions of this Software License shall aiso be
applicable to third parties receiving copies of the Software from CUSTOMER.

G. All copyright notices shall be retained on ail copies of the Software.

APPLICABILITY OF WARRANTY

A. The terms and conditions of this Warranty are applicable as between RADIO SHACK and CUSTOMER to either a
sale of the Equipment and/or Software License to CUSTOMER or to a transaction whereby Radio Shack sefis or
conveys such Equlrment to a third party for lease to CUSTOMER.

B. The limitations of iabigg[y and Warranty provisions hersin shail inure to the benefit of RADIO SHACK, the author,
owner and or licensor of the Software and any manufacturer of the Equipment sold by Radio Shack.

STATE LAW RIGHTS

The warranties granted herein give the original CUSTOMER spacific legal rights, and the original CUSTOMER may

have other rights which vary from state to state. 8/85
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INTRODUCTION

Tandy 200 poriable computer is an enhanced version of the Radio Shack Mode!
100 Portable Computer. The Tandy 200 is software compatible with the Mode!
100 in BASIC so that both system users can take advantage of the large
number of programs available.

One important difference between the Modet 100 and Tandy 200 is the size of
the LCD screen. The Tandy 200°s LCD screen is double the size of the Mode!
100's. That is, the Model 100's display capability is 40x 8 characters while the
Tandy 200 has a display capability of 40 x 16 characters.

The Tandy 200 has the following applications programs in the standard ROMs:
BASIC, TEXT, ADDRSS, SCHEDL, TELCOM, MSPLAN, and ALARM,

External View

1 Keyboard. Can be used like the standard typewriter. However, the Tandy
200 does have a few special keys. (See Appendix B of this manual for more
gatails.)

2 LCD Unit. The Tandy 200 display has sixteen lings that allows 40
characters on each line.

3 POWER Switch. Push this switch to turn the power ON or OFF. To
conserve the batteries, the Tandy 200 automatically turns the power off if
you do not use it for 10 minutes.

4 Low Battery Indicator. Before the Tandy 200's operational batieries
become exhausted, this indicator will illuminate.

5 Digpiay Adjustment Dial. This control adjusts the contrast of the L.CD
display relative to the viewing angle.

6 External Power Adapter Connector. Connect the appropriate end of
Radio Shack's AC Power Supply (Catalog Number 26-3804, opticnal/exira)
to this connector. Connect the other end of the power supply to a standard
AC wall outiet or approved power strip.
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Figure 1. Front View

Figure 2. Rear View
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DIA/ACP Selector. This selector allows you to select either a direct or
acoustic coupler connection. If you are communicating with another
computer over the phone lines via the built-in, direct-connect modem, set
this switch to the DIR position. If you are using the optional/extra Mode! 100
Acoustic Coupler (26-3805), set this seiector to the ACP position.

RESET Switch. if the Tandy 200 “locks up” {i.e., the display “freezes” and
all keys seem to De inoperative), press this button 1o return to the Main
Menu {start-up). It is not likely that the Tandy 200 will lock-up when you are
using the built-in applications programs, however, it may occur with
customized programs.

RS-232C Connector. Attach a DB-25 cable (such as Radic Shack Catalog
Number 26-1408) to this connector when you heed 1o receive or transmit
sarial information. When communicating directly with another Radio Shack
computer, a Null MODEM Adapter (26-1498) is required. An 8" Cable
Extender (26-1497) may also be required.

SYSTEM BUS Connector. Connect this connector to the Disk/Video
Interface {26-3806), using the system bus cable.

PRINTER Connector. For hard-copy printouts of information, attach any
Radio Shack parallel printer to this connector, using an optional/extra printer
cable.

Direct-Connect MODEM (PHONE) Connector. When communicating with
ancther computer via the Tandy 200’s built-in MODEM, connect the round
end of the optional/extra moder cable 1o this connector.

CASSETTE Recorder Connector. To save or load information on a
cassette tape, connect the cassette recorder here, An optional/extra
cassette recorder (and cable) is required.

Bar Code Wand Connector. Attach the optional/extra bar code wang to
this connector. Note that special bar code reader software is required.

J— .
00 QO O
g

R
0 O O s
® ® @

Figure 3. Bottom View
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1 MEMORY POWER Switch. This switch is used to prevent discharge of the
internal Nickel-Cadmium battery, which is used for RAM back-up. The Tandy
200 will operate only when the power switch is set to ON. Set this switch to
the OFF position when the Tandy 200 will not be used for a long period of
time. Note that the RAM will not be backed up when this switch is set to the
OFF position.

2 Optional ROM and RAM Compartment. An optional/extra ROM and ‘
RAMs can be inserted into this compartment to enhance Tandy 200
capabilities.

3 Battery compartment. When not connected to an AC power source, the
Tandy 200 gets its power from four AA size batteries that must be installed
in this compartment. If the Tandy 200 has the modification jumper module
installed Bar Nickel-Cadmium batteries, the battery cover is fixed by a
tapping screw and covered by a black sticker.

Internal View

The Tandy 200 consists of four printed circuit boards:
e LCD PCB

o Keyboard PCB

¢ Main PCB

e Memory PCB

Potentiometer VR1
for MODEM Transmitting Level

Xtat for
MODEM IC
MODEM IC Tone Dialer IC

Xtal for Tone Dialer IC

PI1O (81C55)

o ROM (BASIC, etc.)

Gate Array ( ROM (MSPLAN)
(SLAS5080F0U)
LEDC RAM for LCDC
(HD61830B)
CPU
(80C85A)

Battery for

Memory Back-up

Xtai for USART
Main Clock (82C51A)

Figure 4. Main PCB
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Segment Driver Common Driver

Segment Driver OP Amp. for Power Supply
Figure 5. LCD PCB

Standard RAMs (8 K-byte x 3) Xtal for Timer IC Timer IC

Reserved through Holes
for Modification
Jumper Module

1C Sockets for IC Socket for Optional ROM  Memory Power Switch
Optional RAMs

Figure 6. Memory PCB
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Specifications
Main Components

Keyboard
71 keys (9 x 8 matrix)
Alphabet keys 27
Number keys 10
Picture-control keys 7
Function keys 8
Special symbol keys 8
Mode keys 5
Other special-use keys 6
LCD display
Dot pitch 240 x 128 full-dot matrix
1/64 duty
1/8 bias
Dot pitch 0.8x0.8 mm
Dot size 0.73x0.73 mm
Effective display area 191.2 (W} x 101.6 (D) mm
Operation batteries
Batteries Four type AA
Alkaline-manganese batieries
Operation time 7 days (at two hours/day)
(Note: Without 1/O units at normal
temperature)
Memory protection battery (on Main PCB)
Battery Rechargeable battery
Back-up time About 15 days (24 KB)
About 5 days (72 KB)
Recharge method Trickle charge by AC adapter or
operation batteries
L.Sis
CPU BOCB5A
Code and pin compatible with 8085
ROM Maximum 104 KB
Standard 72 KB
Option 32 KB
RAM Maximum 72 KB
Standard 24 KB RAM
Incremental 24 KB RAM on the
memory PCB
Dimensions 1%-4/8"{L) x 8-4/9"(D} x 2"{H)
Weight 4 Ibs. 4 oz.
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/O Interface

AS-232C
Conforms to EIA Standard Signal

Communications Protocol
Word length
Parity
Stop Bit length
Baud rate

Maximum transmission
distance

Drive maximum voltage output
Drive minimum voltage cutput
Receive maximum voltage
input

Receive minimum voltage
input

MODEM/Coupier
Conforms to BEL103 Standards
Data length
Parity
Stop bit
Full duplex

Other functions

Audic cassette interface
Data Rate

Printer interface
Conforms to Centronics
interface standards
Handshake Signal

TXR (Transmit Data)

RXR {Receive Data)

RTS (Request to Send)
CTS (Clear to Send)

DSR (Data Set Ready)
D¥R (Data Terminal Ready)

6, 7 or 8 bits

NON, EVEN, ODD or IGNORE

1 or 2 bits

75, 110, 300, 600, 1200, 2400, 4800,
8800, 19200 BPS

5 meters

=+ 5 voits
+ 3.5 voits
+ 18 volis

+3 volts

6, 7 or 8 bits

NON, EVEN, ODD or IGNORE
1 or 2 bits

Answer mode/originate mode,
swilchable by software
Hang-up function

Auto-diater function

1500 BP3
(MARK: 2400 Hz, SPACE: 1200 Hz)

STROBE, BUSY, BUSY






THEORY OF OPERATION

General

This saction describes the theery of operation for the Tandy 200. Figure 7
. shows how this section is organized and highlights significant areas.
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Figure 7. Organization



Block Diagram
The Tandy 200 has four principat LSls:

¢ 80C85A CPU
This is the Central Processing Unit which controfs all functions.

e B1C55 PIO ‘
This is the Parallel Input/Output interface controlier which controls the printer
interface, keyboard, buzzer, clock, LCD interface and data input of BCR
interface.

* 82C51A USART
This is the Universal Synchronous/Asynchronous Receiver/Transmitter which
controls the serlal interface such as the RS-232C and MODEM.

o SLAS080FOU Gate Array
This LS consists of the large number of general-purpose gates which are
usad for the I/OQ addressing, bank selection and other control circuits.

The inputioutput for a cassette recorder and the interruption from the BCR for
the starting data are controlled by the CPU directly through its SOD, SID and
RST 5.5 terminals.
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CPU

The CPU is an 80CB5A that runs at a clock speed of 2.4576 MHz, It is an 8-bit,
parallel Central Processing Unit using C-MQOS technology. The instruction set is

fully compatible with the B0B5A microprocessor. The 80C85A uses a

multiplexed data bus. The CPU bus is divided into two sections — the 8-hit .
address bus named the AB-A15, and the B-bit address and data bus named the .
ADO-AD7. The address and data bus are separated in the SILAS080F0U by

using the ALE signal. The functional block diagram of this cireuit in the

SLAS080F0U is shown in Figure 9.

o S>> | I

[

S A
Bk ol
>0

Figure 9. Functional Block Dlagram of Bus Separation Circuit

Memory

The Tandy 200 uses a 32K-byte ROM for the MSPLAN, 40K-byte ROM for
BASIC and the other application programs, and 24K-byte static RAM to store
the data and programs. The 40K-byte ROM consists of an 8K-byte ROM (M13}
and 32K-byte ROM (M15). The 24K-byte RAM cansists of three BK-byte RAMs.

Furthermore, a 32K-byte ROM and two 24K-byte RAM packages can be used
optionally. The 24K-byte RAM package consists of three 8K-byte RAMs and
one decoder IC {40H138), mounted on a ceramic substrate.

Figure 10 shows the memory map and Figure 11 shows the internal wiring
diagram of the RAM package. .
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Address Decoding and Bank Selection Circuit

Selection of RAMs and ROMs are determined by the address and bank signals
generated in the SLAS0B0FOU.

Figure 12 shows the bank selection circuit in the SLAS080FOU.

The latch AADO36 stores the bank selection data sent from the CPU with the Y5
and WR signai. The decoder AADD38 is enabled by the memory address 0000H
to 9FFFH for ROMs and the decoder AAQD37 is enabled by the memory
address AO0OH to FFFFH for RAMSs.

nm

15 ,%_'—D l
(L) w v | BANGZ
413 vz AN
AATGIE
— >
gt AADDIG
1019 p-—o
o 20 24
ro2 o 3c
202 a0 an—
_ [
RESET
¥
]
— BANKAA

AT

By BANKFS

vz BANKIE
AADDST
- >

Figure 12. Bank Selection Circuit
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IO Map

Figure 13 shows the O address decoding circuit included in the SLAS080F0OU

that decodes address signals AD4-AD6. The AD7 signal acts as the enable

signal for the decoder AAOD24 with the |O/M signal. At the latch AAQ063, the

chip enable terminals G1 and G2 are connected to the ALE signal passing

through the inverter, because the ADO-AD7 signals are the muitiplexed bus, ‘

The YO map and /O port description are shown in Figure 14.
The port assignment of the 81C55 is shown in Table 1.

2w X
o o a
L 4 +]
|E 13 Y I il— |U
o o wi [
— —_—
F o§
3 0 F
S gy
S 3 Q¥
3"‘ <%
(E 4
" o
C o
- & - g
a. ..o v (@ TN & Billow o O
o ~ & O = v W -~
8" O S S >
o —
g < i:] 8] e

AAQOB3
Bl

D1
D2 G2
D3 B3
D4 Q4
Gl
G2

Flgure 13. YO Address Decoding Clrcult
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Keyboard

Key strobe signais are emitted from the PBO and PAQ-PA7 terminals of the
81C55, and the return signals from the keyboard pass through the octal bus
bufter (M27) which is enabled by NANDing the AD and STB/K signals at M28,
and then the return signais are sent to the CPU.

The STB/K signal is generated in the SLAS080FOU when the CPU assigns EO-
EFH to the IO port address. The CPU starts the key scan aperation when the
RST 7.5 interruption is accepted. This interruption (TP signal) is generated
about every 3.3 msec. at M34 by dividing the CLK signal (2.4576 MHz).

Condition of pressing “T" key is shawn in Figure 15,
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Cassette Interface Circuit

The cassette interface circuit is subdivided into three sections;

& Write Circult
¢ Read Circuit
¢ Remote Circuit

Write Clrcuit ‘

The write circuit is accomplished in several steps. First, the serial data from the
S0D terminal of the CPU is inverted by M1. Then, the DC component is
removed by C3. And finally, the data passes through an integrator consisting of
A8 and C2, and after voltage division, out to & cassette recorder AUX jack.

Figure 16 shows the write circuit of the cassette interiace.

50D
1 (CPU}

Figure 18. Write Circult of Cassette Interface

Read Circuit

The signal input from the earphone jack of the cassette recorder passes
through the clamp circuit consisting of D1 and D2, and then is input to the
comparator circuit consisting of M2.

Finally, the signal is converted into the digital signal and sent to the SID
terminal of the CPU. Figure 17 shows the read circuit,

In the circuit, DB clamps the negative voltage oulput of the comparator.

vyoo

Flgure 17. Read Circult of Cassette Interface
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Remote Clrcuit

By writing-in data “1" into bit 1 of the output port specified by EQ-EFH, the
REMOTE terminal of the SLASDBOFOU is changed to “H.” Then T11 is switched
ON and RY1 is energized. This controls the motor of the cassette recorder.

AR DO

-
L

3t

.‘

Pl
@
&

3 ® o8 #

A OO

WR [

Y

Gate Arrgy )
SLAS0BOFCU |

Figure 18. Remote Circult of Cassette Interface

Printer Interface Circuit

The printer interface circuit conforms to Centronics standards. As shown in
Figure 18, the BUSY signat from the printer is read from the PC2 of the 81C55.
If the condition is not busy (PC2 =“L™), the 8-bit paralle! data (PAQ-PAT from
81C55) is sent to the printer. Then, by writing-in data “1” into bit 1 of the output
port specified by VO address EQ-EFH, the PSTB signal is generated in the
SLAS0B0OFOU and sent to the printer.

As soon as the printer receives this PSTB signal, the BUSY signa! is changed
o "H" indicating that the printer is busy. The CPU then waits for a while until
this BUSY signal becomes “L.” As spon as the printer prints the one character
specified by the 8-bit parallet data, the BUSY signal becomes “L.” Then, the
CPU sends the next 8-bit parallel data.

If the printer is in ON LINE condition, the BUSY signal is “H” and sent g the
CPLU, passing through the PC1 of the 81C55. But, when in the OFF LINE
condition, the BUSY signal is “L" and transmission of print data to the printer is
inhibited by the GPU.
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Figure 19. Printer Interface Circult

Bar Code Reader Interface Circuit

The input sighal from the bar code reader is subjected to waveform shaping,
inveried by the Schmitt-type inverter (M1), and then sent to the PC3 terminal of
the 81C55 and the RST 5.5 terminal of the CPU.

When the bar code reader reads the first white part of the bar code, a "L” isvei
signat is generated, then inverted by M1. As soon as RST 5.5 interruption
occurs, the CPU starts the data input operation, passing through the PC3 of the
81C55. As the bar code reader is moved across the bars, “H” and “L” signals
{which correspond to white and black bars respectively) are ganerated
continuously and inversion signals are sent to the PC3 of the 81C55 as the
serial input data. Refer to Figure 20,
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v BLACK LINE
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[]
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Figure 20. Bar Code Reader Interface Clrouit

Buzzer Control Circuit

There are two ways to operate the buzzer. One is to sound the buzzer with the
specified frequency by emitting a signal from the PB5 terminal of the 81C55
and the other, by using timer output (TO} and the BUZZER signal (PB2) of the
81C55. In addition, the BELL signai also acts as the control signai of the DC/

DC converter circuit during the power-up sequence {refer to the Power Control
Cireuit).

g BEL L VoD
I CNQ_

PBS
(BELL!
Mi2
81CHS

PB2
{BUZZER)

o VEE

S

Figure 21. Buzzer Contro? Clrcuit
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Signal from the PBS of the 81C55

When the PB2 of the 81C55 is “H,” the buzzer sounds by repeated switching of
the buzzer driving transister, This is caused by “H”, “L”, "H", “L” ... output
signals from the PBS synchronizing with the frequency for sounding the buzzer.
This method is used for the BEEP command in BASIC.

Using the 81C55 Timer Qutput

In this methed, the buzzer is made to sound by setting the 81C55 timer in the
square wave output mode. To write the value corresponding to the sound
frequency, the CPU assigns B4, B5, BC or BD to the /O port address. This
frequency is assigned by the first parameter of the SQUND command in BASIC.

If the above procedures are completed, the TO terminal of 81C55 outputs the
square waves, and the PB2Z of the 81C55 controls the length of the sound
whenever the PB5 is “L.” How long the sound is heard depends on the second
parametsr of SOUND command in BASIC.

Clock Control Circuit

A TIMER IC {RP5C01) on the memory PCB is used in the clock control circuit
so that the current time and alarm time can be set and read by the commands
in BASIC,

To set and read the time, the CPU assigns 90-FH 1o the IO port address.

In addition, because the back-up power VB is supplied to the TIMER IC, the
clock and alarm functions are enabled even when the Tandy 200 is in the

powsr-off condition. .

Figure 22 shows the internal block diagram, and Table 2 shows the /O port
address assignment of each function. An internal 26 x 4-bit RAM is used as a
buffer memory when the data is transmitted between RAM banks.
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Flgure 22, RP5C(1 Internal Block Dlagram
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To set and read the time and aiarm information, the CPU proceeds in the
foilowing sequence,

Write or Read the timer
X: Don’t care

STOP THO TIMER AND SE™ THE MODE
REGISTER TI “01*

a EA]TAB

wHITE /l\ READ

WRITE 0OR READ

RESFT THF TIMER

el ey R W
ERERINES 1 [a

WRITE THE CURRENT TIWE aWD OATE ’ REAL THE TIME AND DA YE

- e
el w wdadafag [n3ozioi[oo
vaLuE oF | L |0 alo|pim; ‘veLuE OF

EADH TIMEJ
a3ag A1 a0 .
e
I5_IHE S 15 THE na
WRITING VEl REAQING OVER

TES *E&

l

START THE TIMFR

Figure 23. Flowchart for the TIMER IC
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Write or Read the alarm time
X: Don't care

{ START '
DISABLE THE ALARM QUTPUT AMD SET
. THE MODE REGISTER 11 “Di-.

£ L S R P Y
Ehlos | Dol

WRITE

READ

WRITE OR READ

RESET THE ALARM REGISTER

i B

WRITE THE ALARM TIME ANl OATE
‘adsd afad D30q0iod sqadailar] [oaozfoi{oo| izg|wd
] HM VALUE OF ; U@ jafa | [vaLuE OF ﬂ.
L] . H
: EALCH ITEM . EACH TidE
- L]
I R S
T -
LELY LY EY A Ay
] i.
Ll:ga ﬂn}'

REAN THE aLaRM TIME ANO OATE

,55 Ly
L |a
N 15 tHE M
y i REAING OVER ]
WES TES

|

ENABLE THE AL aRa QUTPUT

sfadafad  [osforlorlol
vl ke bl

Flgure 23. Flowchart for the TIMER IC
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Serial Interface Circuit

The serial interface circuit supports asynchronous serial transmission/reception,

The heart of this circuit is the 82C51A (LUSART). It performs the job of
converting the parallel byte data from the CPU to a serial data stream including
start, stop and parity bits.

For a more detailed description of how this IC performs these functions, refer to
Appendix C of this manula.

Figure 24 shows the functional block diagram of the serial interface circuit. in
this figure, the TO signal, basic timing clock for the USART, defines the
transmission/reception baud rate.

To transmit and receive the serial data from external devices, the R§232C
signal selects either MODEM or RS-232C interface. During the MODEM
operation, the QRGIS signal switches either the originate mode or answer mode
for tha MODEM IC.

The serial interface circuit is subdivided into the following circuits:

RS-232C/MODEM Selection Circuit
RS-232C Interface Circuit

MODEM IC

Transmission Filter Circuit
Reception Filter circuit

MODEM Connector Clrcuit

Tone Signal Generator Circuit
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RS-232C/MODEM Selection Circuit

The RS232C signal (PB3 terminal of the 81C55) determines whether the serial
port is to be used as R8-232C or as MODEM. When the RS232C signal is “L,”
the serial port is used as RS-232C. When the RS232C signal is “H,” the port is
used as MODEM.

The reception signal, including the control signal, is demultiplexed at M23. The .
transmission signal is multiplexed at M22,

During the RS8-232C maode, the CD (Carrier Detect) signal is not used. To make
this condition, pin 14 of M23 is connected to the ground.

During the MODEM mode, the RTS signal is used as the seif-loopback signal
and it is sent back to the CTS terminal. The DSR signal is not used in the
Tandy 200 USA version, since the TD signal is always fixed to “H" ievel by the
hardware. The CD signai selects the CDD signal from the RXCAR terminal of
the MODEM [C. Because the CPU detects the carrier signal by counting the
frequency of the CDD signal corresponding with the originate mode or answer
mode. When a customer uses the tone dialer function, the DTR signai acts as
the enahble signal for the tone dialer IC.
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Figure 25. R$-232C/MODEM Selection Circuit

RS-232C Interface Circuit

In the RS-232C transmission circuit, after the DC component is removed from
the signals by the coupling capacitors, the signals are leveled to = 5V signals
by the inverters connected in parallel, and then are output as RS-232C
transmission signals. In the RS-232C reception circuit, the DSRR, CTSR, and
AXR signals from the external RS-232C line are subjected to waveform shaping
and inverted by M33, and then convertad to + 5V ar ground level signais by the
diodes. The signals are then demultiplexed at M23 and converted to CTS, DSR
and RXD signals which are input to the 82C51A. The CD signal is not used in
the Tandy 200.

2-23



o
i G
anND

HH50 O

H510 nw

o
1.4
[
o
-
b

J2ee-SY

— 33A
L A
cels geo
24 %00}
AAR AAN + >
Li k'S P v >
ge S Z2Gld
w8 M
LE1Y HOO0 vea
c2 h.__-._hﬂ A@ _-1_:-_-1 M -
€ v 9GIY
»001 geq %
M N -
B gaiy
IBEE.ET .
ST GT '
28
mmmm £ oan AEE
Ty 1“‘
T 061
A - - AEE PG|y L
ry ﬁ F LN )
09y _ : AOCE (800,55 | | yee
Iqb-he_ xmm h‘n‘bﬂ b‘hﬁhc
z\ €l — IS 4
_ T LAY
i NOOL [6e00%
982
p8Ct b P € v v ebld £,
adA aqaa ZvH  QQA

bE=Uid 2N

g-ulg €20

Z-Ud E2ZW

(v1g028)
g2-uld OZW

9-Uld ZZW

g-ud Z22W

Figure 26. RS-232C Interface Circuit

2-24



MODEM IC

The Tandy 200 empioys the IC MC14412 as a MODEM control device. This iC
modulates/demaodulates data to be transmitted/received in accardance with
trequencies suitable for originate or answer mode respectively.

The RXRATE and TYPE terminals of MC14412 (M8} are pulled up to VDD.

The baud rate is set to 300 bps, and the U.S. Standard is selected. Since the
ECHO and SELF TEST terminals are not needed, they are connected to
ground,

The PB6 terminal of the 81C55 outputs the enable signal (MEN) for the
MODEM IC untit the unit is in the MODEM mode,

In addition, the signal designated by the ORIG-ANS parameter in TELCOM
mode is input to MODE input terminal, and it switches between the originate
mode or the answer mode. This signal is output from the PB1 terminal of the
81GC55.

RT! 15M
Voo
"’il]l”""t.OMHz ]
XTAL!Y j -~
Woo 166 T 33K
PN RXRATE
TTLD P2
TO TRANSMISSHON 14
FILTER CIRCUIT TY¥PE
P — —  {TxCAR
“i I’] N l‘l [ ECHO ;3
FROM RECEPTION SLPTESTE,
FILTER CIRCUIT Vs
S — — e RXCAR rer M2
12 meN 35| (EICSS)
ENABLE i PBEG
oRi7ans [ ORIGS 301 0
RXM e ]Rs-zaecmonm
THM 15 SELECTION CIRCLIT
RESET |osw—— — ~RESET
M8
(MC 144121

Figure 27. MODEM IC and Peripheral Circuit

Transmission Filter Clrcuit

The DC component of the carrier putput from the TXCAR terminal is removed
by C50. The signal level is adjusted by the potentiometer VR1. The signal then
passes through the transmission band-pass filter and is sent to the telephone
line or the acoustic coupler,

The transmission filter circuit is composed of an active filter {consisting of an
operation amplifier) and the intermediate frequency of the active filter is 1200
Hz which covers both originate mode and the answer mode.
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Figure 28. Transmission Filter Circuit

Reception Filter Circuit

As shown in Figure 29, the reception input signal is amplified when passing

through coupling capacitor (C11), and amplified again as it passes through the

3.stage band-pass filter (composed of an active filter). The signal then passes

through the comparator, and after being changed to a square wave, is input at

the RXCAR termina! of MC14412, Also, o check a carrier signal, this signal is .
input to the demultiplexer M23 as the CDD signal in the RS-232C interface

circuit.

Intermediate frequencies of the 3-stage active filter are shown belaw. The
switching of intermediate frequency for the originate and answer modes is
accomplished by switching T1, T2 and T3 ON or OFF according to ORIG-ANS
parameter in TELCOM mode, thus changing the input resistance of the filters.

On the other hand, three comparators consisting of M5 act as the carrier break
down detector. The output of this circuit is “H"” when a carrier signal has not
been detected for the time specified by the C38 and RE6.
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Figure 29. Reception Filter Circuit

MODEM Connector Interface Circuit

When the acoustic coupler is used, the transmission and reception signals are
directly connected to the connector (TXMC, RXMC). When the MODEM cable is
used, they are connected to the secondary side of the driver transformer. The
primary side of this transformer is connected to the telephone line via the
connector (TXMD, RXMD).

The ACP-DIR switch is used in the MODEM mode, relay RY2 separates the
telephone receiver audio inut signal (TL) to prevent interference. RY3, another
relay, separates the modem circuit and the telephone at the conclusion of use
in the MODEM mode and is also used as an automatic dialer for the pulse type

telephone line.

2-27



ME9 WE
E2E]

no40806v s
Apaiy D

=]
]

W

NOTFE 2S

Unoad a3y
wondszay 03

e

HNDAD aBllg
UOISSIWSUD: )

wo 4
HE S (484°65218)
284 R

4100wy

[3]

ouioA

Figure 30. MODEM Connector Interface Circuit

2-28



Tone Signal Generator Circuit

The function of this circuit is to send tone-dial signals to the tone-type telephone
tine when the Tandy 200 is connected to that type of telephone line.

These functions described above are controlled by the §C TCM5089. The
enable {TNE) signal input to this IC is created by NANDing the DTR signal and
RS232C signal. That is, when the DTR signal becomes “H” during MODEM
modae, this IC will be in the enable state.

Then the CPU writes the data to be dialed to the YO port assigned by AOH -
AFH.
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LCD

The LCD used in the Tandy 200 is composed of electrodes in a matrix
arrangement (128 common signals and 480 segment signals).

Because this LCD operates on a 1/64-duty time division drive, the upper 64 and
lower 84 common signals are performed by the same timing. _

This part is subdivided into following four sections:

& LCD Control Circult
¢ LCD Common Driver
s LCD Segment Driver
e LCD Waveform

For a more detaited description of how the LCD operates and its basic
construction, refer to Appendix C of this manual.

LCD Control Circuit

The LCD Control Circuit of the Tandy 200 oohsists of the L.CDC (HD&1830B)
and BK-byte RAM.

The LCDC generates driving signals for LCD by receiving the instructions and
data from the CPU. The driving signals for LCD are divided into two groups:
one is the timing signal for the segment driver and common driver, another is
the data to disptay.

The CLKL signal, divided 2.4576 MHz clock signal by two at M34, is supplied to
the RC terminal of the LCDC.

One bit value of the 8K-byte RAM connected to LCDC corresponds to one dot .
of illumination or non-illumination on the LCD screen. These data are converted

into the serial data D1 and D2 at the LCDC, and then sent to the segment

driver.

Figure 32 shows the internal block diagram of HD&18308.
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The Common Driver (HD61103)

The Tandy 200 uses twa common driver ICs: M507 and M508, M5G7 controls
the upper half of the LCD screen and M508 controls the lower half of the LCD
screen.

The FBM signal defines the periodic frequency of one-screen display, and
determines 80 Hz for the Tandy 200. .

The MEB signal is used for changing the driver signal to AC, because the
continugus application of DC to the LCD would shorten the L.CD element life.

The CL1 signal is used for the shift clock of the internal shift register.

Figures 33 and 34 show the internal block diagram of HD61103 and output
waveform of HD61103.
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Segment Driver (HD61100)

The Tandy 200 uses six segment driver ICs (HD61100), and each IC has 80
output drivers.

HD61100 is a driver IC for the LCD display. It receives and latches the serial
display data from the LCDC, and generates the segment driver signals.

The CL1, CL2, D1, D2 and MB signals are supplied from the LCDC. The CL1
signal is used for the latch clock of the internal 80 latches. Synchronizing with
the fall of CL1, the segment driver signals corresponding to the display data are
output.

The CL2 signal is used for the shift clock of the display data. The MB signal
changes output signals to AC.

The D1 signal is the data to display on the upper haif of the LCD screen and
the D2 signal is the data to display on the lower half of the LCD screen.

Figures 35 and 36 show the internal block diagram of HD61100 and output
waveform of HD61100.
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Figure 35. Internal Block Diagram of HD61100
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LCD Waveform

in order to drive the liquid-crystal eiements by the 1/64 duty tine-sequential
drive method, the LCD of the Tandy 200 makes sequential selection of the 64
scanning electrodes.

For each dot, the display signal passes through the signal electrodes and is
applied 64 times for one display.

At this point, the signal is necessary at each dot only one time, and the signal
for the other 63 times corresponds 1o other dots on the same signal electrode.

The maximum voltage applied to the common electrode and segment electrode
is the potential difference between V1 and V2.

In addition, “a" is the bias coefficient which determines fram the standpoint of
contrast, the maximum ratio between the fllumination voltage and the non-
llumination voltage.

When that ratio is greatest in relation to the effective ON and OFF voltages,
“a”=9.0.

Thus, far V1, V2, V3, V4, V5 and V§&:

V1 =VDD(+ 5V}

V2 =VO0(approximately —7V to —10V)
V3=VDD -2V/a

V4=VvDD —(1—2/a}V

V5=VDD —(1-1/a)V

V6=VDD —V/a
Note: Absolute value of “V” equal absolute value of “VDD" plus absolute vaiue
of “VQ",

Figure 37 shows the driving waveform for illumination and non-illumination.

2-37



V1

W3

Vi

COMMON

V'l LINE
VE
va Vs
] i
|
| | |
| | |
| | |
NON-JLLUMINATION
SEGMENT LINE
v
-
i f
f |
! |
Vi
| |
| | ILLUMINATION
| | SEGMENT LINE
V4 f

Ve

Figure 37. Driving Waveform of LCD

2-38




Power Supply and Auto-Power ON/OFF Circuit

The power supply circuit develops the following voltages:

VDD (+5 volts DC)
VEE (—5 volts DC)
VLCD (- 10 voits DC}
VB

VIN

VD

VA

VNICD

VDD is supplied to alt of the ICs excapt the main memory, TIMER (RP5C01),
M24, M25 and M26.

VEE is used as a negative power source for the operational amplifiers.
VLCD is supplied to the LCD PCB through T27 for the LCD driving voltage.
VB is supplied to the main memory, TIMER, M24, M25 and M26.

VR is used for the input voltage to the DC/DC converter circuit. When the
internal circuit is modified for use of Nickel-Cadmium batteries, VIN is supplied
to the four Nickel-Cadmium batteries installed into the battery compartment.

This powar source charges the Nickel-Cadmium batteries whenever an AC
adapter is connected to the Tandy 200.

Power Distribution

Figure 38 shows the power distribution of the Tandy 200. In this circuit, R165 is
used as the current limiter during the charge. D11 protects the power supply
from the reverse current. The power control circuit controls the DC/DC
converter circuit corresponding with the POWER, ALM, PCS and BELL signals.
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DC/DC Converter

OT2 is a converter transformer which oscillates T20 and T21 and generates
voltages at the secondary side of the transformer. At the same time the power
is switched ON, a very slight coliector current flows to T20 and T21. Also,
voltage between pin 3 and pin 6 of the canverter transformer is genarated, and
the T21 base potential becomes positive. In other words, the base polarity
becomes biased in the forward direction. This voltage causes the T20 and T21
hase current to flow, and the collector current is increased. When the current
can no ionger increase, because of transistor saturation and converter coil
resistance, the voltage between pins 3 and 6 begins to attenuate, causing T20
and T21 to be cut off all at once because of the reverse playback action. Until
immediately before the transistor is cut off, excitation current flows to the
transformer. Because the current is suddenly dropped as a result of the
transistor cut-off, a counter voliage is generated, the distributed capacity of the
coil is changed, and, as a resuit, an oscillation voitage is generated at the base
¢oil. Then, when the base potential progresses to a half cycle of the oscillation
voltage, it is biased in the forward direction, T20 and T21 are switched ON once
again. In this way, AC voltage corresponding to the number of windings is
generated at the secondary side of the converter, and this voltage is rectified
and smoothed by D13, D14, D15, C62, C63 and C64.

Low Power Detection Circuit

The low-power detection circuit illuminates an LED waming lamp when the
battery voltage decreases. If it continues decreasing, the system power will be
switched OFF just before the voltage becomes so low that the converter cannot
operate.

There are about 20 minutes between the time when the LED lamp illuminates
and the system is switched CFF.

Battery voltage is detected by splitting the resistance of R91, R92, R94 and
R95. When battery voltage (VR) becomes 4.2V =0.1V, T18 is switched OFF.
T19 is switched ON, T23 is driven, and the LED illuminates. (The LED is
iocated on the keyboard PCB.)

in addition, the value of the detected voitage is changed by $93 because of a
difference beatween the output voltage of Alkaline-manganese and Nickel-
Cadmium hatteries.

The R1 and R2 signals are shorted on the memory PCB when the internai
circuit is modified for use of Nickel-Cadmium batteries.
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Power Control Circuit

This circuit controls the oscillation of the DC/DC converter circuit by using T25.
There are four methods to control the power ON/OFF. In this circuit, the VDD
terminals of M24, M25 and M26 are connected to VB, since these ICs must
operate in power-off condition.

1. Power-up using the POWER switch

If a customer presses the POWER switch on the keyboard during power-off
condition, the foliowing evenis ocecur:

a. A positive short pulse is sent to the base of T32 through C70, then T32 is
switched on.

b. On the other hand, the Beli and RESET signals are “L.” during power-off
candition, but the input pin 8 of the gate M24 is pulled up to VB. Thus the
output pin 10 of the gate M24 becomes “L,” which enabies the gate M25.

¢. T31 is switched on. This “H" level signal is supplied to the RESET terminal
of the flip-flop M26 and then the flip-flop M26 is reset.

d. The output pin 13 of the flip-flop M26 becomeas “L” and T25 is switched off.

e. The DC/DC converter circuit starts the oscillation, if the proper DC leval of
VR is supplied to this circuit.

f. VDD reaches the specified DC levet, T16 is switched off. At the same time,
the LPS signal becomes “H"” and is sent to the TRAP terminal of the CPU
after inverted at M35.

g. When VDD reaches a constant DC level to operate the CPL, T28 is
switched on and T29 is switched off. The RESET signal becomes “H,” then
the CPU begins the “Warm-Start” process. After completion of the “Warm-
Start,” the GPU dreps the BELL signal.

h. The output pin 10 of the gate M24 becomes “H” and the output pin 10 of
the gate M25 becomes “L,” then the Tandy 200 will be able to operate.

2. Power-down using the POWER switch

if a customer presses the POWER switch on the keyboard during power-on
condition, the foliowing events occur:

a. A positive short puise is sent to the base of the T32 through C70, and then
T32 is switched on.

b. On the other hand, the cross-couple cansisting of the gate M24 was set by
the BELL signa! in the last power-on sequence. Thus the output pin 11 of
the gate M25 becomes “H.”

¢. The flip-flop M26 is clocked by this “H” level signal. The output pin 2 of flip-
flop M26 becomes “L.”

d. The LPS signal goes “L” and is sent to the TRAP terminal of the CPU after
being inverted at M35,

e. This signal notifies the CPU when the customer presses the POWER
switch. The CPU starts the internal power-down process. After completion
of this process, the CPU sends the PCS sighai passing through the PB of
the 81C55.
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t.  Receiving the PCS signal, the output pin 4 of the gate M24 becomes “|."

g. The flip-flop M26 is set. The output pin 13 of M26 becomes “H" and T25 is
switched on.

h. This causes the DC/DC converter to stop the oscillation. Then the Tandy
200 will not be able to operate.

3. Power-up using the ALM signal .

The ALM signal becomes “L" when the time matches the value set by the
POWER command in BASIC. The ALM signa!l is generated by the TIMER IC on
the memory PCB. T31 is switched on by the “L” level ALM signal.

The remaining sequence foliows the power-up using the POWER switch.
4. Power-down using the PCS signal

To control the power supply, the CPU sends the PCS signal if the automatic
Power-Off limit reaches the value corresponding with the 1st parameter of the
POWER command in BASIC.

The remaining sequence follows the Power-Down using the POWER switch,
Reset Circuit

This cirouit supplies the CPU RESET signal and also the RAMRST signal as
the RAM protecting signal when the power decreases. R113 and C66 delay the
introduction of input power so that T28 is switched on and T29 is switched off
after VDD is activated, with the result that the RESET signat changed from “L”
to “H.” In the same way, the RAMRST signal is generated by T30 and changes
from “H" to “L."” Thermistor TH3 suppresses the RESET signal fluctuations due
to temperature, T27 receives the signal during automatic power OFF, short-
circuiting both end of CB6, and resets the system. The RESET signal is active
“L" and the RAMRST signal is active “H.” .
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APPENDIX A/INSTALLATIONS
Installation of Optional RAMs and ROM

® Using the coin, remove the optional RAM and ROM cover on the bottom

case.
® Insert the optional RAMs into the IC sockets marked M306 and M307. In this
case, the IC socket M307 is used for the RAM #1 and M306 is RAM #2.
® Insert the optional ROM into the IC socket marked M308.

Installation of Nickel-Cadmium Batteries

® Remove the memory PCB (Refer to Section Il, Disassembly Instruction).
e Iinstall the modification jumpers into the through holes marked J301 and

J302.
® Re-assemble the unit.

IC Socket for Optional RAM #2

j

A TR

@
8
b3

"
L 4

% @‘g’

Sesans [ 1)

r 1,

B A
bl 0T

IC Socket for Optional RAM #1 IC Socket for Optional ROM

Figure A-1. Memory PCB



® Remove the battery cover and instail the four Nickel-Cadmium batteries into
the battery compartment.

e Drill the screw hole on the battery cover using the tapping screw @ and
secure the battery cover and bottom case.

» Stick the red label ® on the battery cover.

Figure A-2. Installation of Nickel-Cadmium Batteries
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APPENDIX B/KEYBOARD LAYOUT,
CONNECTOR PIN
ASSIGNMENTS AND
® CHARACTER CODE
TABLE

Keyboard Layout
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Figure B-1. Keyboard Layout
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Connector Pin Assignments
System Bus Interface

Pin No. Symbeol Description

1 VoD
2 VDD
3 GND
4 GND
5 Do Addrgss and data signal bit 0
& ™ Address and data signal bit 1
T D2 Address and data signal bit 2
8 ak ] Address ang data signai bit 3
9 D4 Address and data signal bit 4

10 D5 Address and data signal bit 5

1 D& Address and data signal bit &

12 b7 Address and data signal bit 7

13 A8 Address signal bit 8

14 AS Address signal bit 9

15 Al1D Address signal bit 19

18 A11 Address signal bit 11

17 A12 Address signed bit 12

18 A3 Address signal bit 13

18 A4 Address signal bt 14

20 Atlh Address signa! bit 15

21 GHNE

22 GND

23 D Read sriable signal

24 WR Write enable signal

25 10/M 1/Q or memaory select signal

26 50 Status 0 signal

27 ALE Agddress latch enable signal

28 s Status T signal

29 CLK Clock sigral

306 IDCONT 11O controller select signal

n E I¥0 or memaory access enable signal

3z RESET Resét signal

33 INTR Interrupt request sigral

34 iNTA interrupt acknowledge signal

35 GND

36 GND

a7 RAMRST RAM enatle signal

38 NC

39 NG

40 HC

Table B-1. System Bus Connector Pin Assignments
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Figure B-2. System Bus Connector

RS-232C Interface

Pin No, Symbot Description

I GND
2 TXR Transmit Data
3 RXR Receive Data
4 RTS Request to send
5 cTs Clear to send
] DSR Data get ready
¥ GND
8 co Carrier detect
g NC

10 NC

13! NC

12 NG

. 13 NC

14 HC

15 NC

16 NC

17 NC

18 NG

18 NG

20 DTR Data terminai ready

21 NC

22 NC

23 NC

24 NC

23 NC

Table B-2. R8-232C Connector Pin Assignments
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Figure B-3. RS-232C Connector

Printer interface

Pin Na., Symbol Description
1 STROBE STROBE Pulse
2 GND
3 PDO Bil O of Print Data
4 GHD
5 PD1 Bit 1 of Print Data
[ GND
7 PD2 Bit 2 of Print Data
8 GND
9 PD3 Bit 3 of Print Data
10 GND
" PD4 Bit 4 of Print Data
12 GND
13 PD5 Bit & of Print Data
14 GND
15 PDG Bit B ol Print Datz
16 GND
17 PR7 Bit 7 of Print Data
18 GND
19 NG
20 GHD
21 BUSY Busgy signal for Computsr
22 GND
23 NC
24 GND
25 BUSY Select signal
26 NC

Table B-3. Printer Connector Pin Assignments

B-4
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Figure B-4. Printer Connector

Cassette Interface

Figure B-5. Cassette Connector

MODEM Interface

Figure B-6. MODEM Connector
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Bar Code Reader interface

Pin Ne.

Symbal

Deseription

L=l - B

NC

R = DB
NG

NC

NC

NC
GND
NC

Yoo

Receive data from bar code reader

T2 3 4 s
0 6 0 & 0

©
6

O?G

7 9

Figure B-7. Bar Code Reader Connector
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Character Code Table

Decimal  Hex Sinary g:m‘: Decimal  Hex Binary g::::::‘: g;:rm
) 00 DO0CONOD % 1 00011001 (em] ¥
. 1 o 00000001 % 1A QUOTIDID (o] 2
2 02 DOOOUOTO 7 18 000HDIL (6]
3 0 ooo000n (=] %8 T 00011100 -
4 04 DOD0OTOD EEH 29 D 0001110 -
5 05 0OBOO1ON (em] 30 tE 0D0HI110 t
_6 06 0000DHID a 1F 00011111 }
7 07 00000111 3z 20 00100000 E]
8 08 DOOUIOND [em) a3 21 0010001 1 1
g 0% CDOUITOT () 34 22 00100010 n "
10 oA 00BO1D1D E] s 23 00100017 # #
1 0B 0OODI011 6 24 00100100 L 3 $
12 oc 00001100 kT 2% 00100107 -4 %
T oD ononiie o] s 26 00100110 & &
14 O 000DEITO 39 27 00160111 ’
. s OF  0O0OtTIY @ a0 28 0001000 ¢ 1
16 10 00010000 forn] 4 25 0pG1001 ) 1
17 11 .c;omnom E] 42 24 DoSOINO ¥ .
) 18 12 00010010 43 2B 0OINOTE + .
19 13 ooninoi (=) a4 2C 0R10THE0 ’
20 16 00010100 4% 20 00101104 - -
21 15 00010101 o) 48 2% .00101110 .
22 W 0eImg E] a7 IF oo Fd
23 17 DoDIoId 48 I 00110000 a o
24 15 00011000 [emme] 5% 31 001100M 1 1
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Dacirmal  Hax Binary, g;.?,gﬁ g::r';:: Dacimal  Hex Binary gri:al:_:’:m' éﬂ.:::;?
50 37 001310010 2 2 75 4B 01001011 K K
51 33 0OTI001t 3 3 78 4C  0T001100 L L
52 34 0O10100 4 4 7 40 01001107 M M
53 3/ 00110101 s 5 7% 4E 010010 H M
54 36 00110110 6 B 79 4F  00o11Me 1] o
55 37 peroIm 7 7 0 50 01010000 P P
55 3% 00111000 g8 8 81 51 01010001 @ a
57 00F11001 a ] 8z 52 61010010 Rk R
58 3a 00171010 H a3 53 91010011 S s
59 38 0011101t H ; 84 54 011000 T T
80 3c oo111100 £ < 85 55 01010104 ] u
61 o 0oH1101 = = 86 56 61010110 i v
62 3E 001110 » > 87 57 01010111 ] w
63 IF o0 ? ? 88 58 01011000 b4 X
64 40 (1060000 a @ 89 53 91011001 Y ¥
65 41 100DODT [+ A 90 54 01011010 a2 z
66 42 (1000010 B B 91 56 01011011 C [
67 43 01000071 G c 9z 5C 91011100 * (=} -
68 44 01000100 n] o] 93 50 01011101 | |
& 45 D10BO1D1 E € 94 5E 01011110 ~
0 46 010001l F F 95 5F 01011111 - _
a7 oot G G 96 60 01100000 - =]
72 48 01001000 H H 97 61 01100001 a a
73 49 0lo01001 I I 48 62 01100010 [ b
74 44 01001010 J J 99 63 01100011 & c
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Dacimal  Hex Binary 2;‘?:::;? é::m Decimal  Hax Binary g:;t'c‘;:‘ E’.‘:’m
100 64 01100100 d d 125 D oot ) E-E] 0
1 85 0110010t e e 126 7E - OU1IN1I0 - E] !
02 €6 01100110 + f 127 E A RE TR (=]
103 87 010N o g 128 80 ooomome B =] »
104 68 DI101000 h h 129 Bl 10000007 r] ] m
105 63 DIIDI00T i i 130 g2 10000010 [ fwn] 1
106 Ba  ovoimn j 131 82 10000011 e M:_
107 68 01101011 k k 132 84 12000100  H @ &
108 BC 01101100 1 I 133 8E 10000101 + fm] =
109 6D 0110110 m m 134 8 1000010 & E] h
0 BE  O1GIHO 3 n 135 87 10000111 (w]
111 6F DERTORRR] Q ] 136 a8 10001 000 n [-3 1
12 10 oo B p 137 89 1ooptoDl (=) -
113 7t otiinen o q. ta  BA 10001010 # (=]
114 72 0110010 [ o r 128 BB 10001011 2 @ -
115 73 oloon & 5 40 BC 10007100 -4 E]
118 74 01110100 t t 141 B 10001101 + (] =
nz 75 01110t08 u u 142 BE 10001110 I (=] :
18 18 [UARR LRIV [V W 143 BF 10008111 4 @ 2
ns 1 omnn W w 184 80 o000 R (=) v
120 78 G1111000 * X 145 al 10010001 a @ u
i21 78 01111001 Y ¥ 148 gz 10010010 ¥ {E]

122 TA 01111010 = z 147 X 10010071 ¢ o * E} q
123 78 O1M10N { (=} 148 94 tomi0100 & [(w] w
124 FLB TR R RTili] H E] o 149 55 1001000 o B b




Decimar  Hex  Binary  Oi%ioved  Koyboard Decimal Hex  @inary  O/eved  Keyhoand
150 96 1ODI0IIC 2 (=] = 175 AF 1010111t 9 =] o
1w 57 todtortr % {w] e BO 10110000 ¥ (=] 7
152 98 10011000 %4 =] o 177 B1 10110001 & (=] @
1582 9% 100t1001 + (=] . 178 B2 10110050 n) (=] @
184 94 10011010 + (=) 1 - 179 83 10110011 0 (=] v
155 98 10017011 - [m} & 80 B4 10130100 ¢ (] 6
156 §C  10eHI0D 4] E} 2 18t 8% 10110101 - (=)

s o 10011101 & [=] 3 182 B6 10110110 5 (=} a
188 9E 10011110 Ly} (=] 4 183 B7  tHOIN ] (=] @
15 oF 1001111 fa] E] 5 184 B8 10111060 u (=]
150 A0 10100000 - E] ‘ 185 ME;Q 10111007 B (=] s
181 A1 100000 3 [9 z 188 BA 10111010 ™ E} T‘

e sz 10100010 o E] f 187 BB 10111011 & (]
163 A3 10100011 E (=) & 188 BC 1011100 (¥ ] (=) m
184 A4 16100100 N {m] = 189 8D 1011118 & (=] ¢
165 A5 1010010 1} E] ] _1"90 BE 10111110 - E] =
% A6 w010+ [m] 191 BF  101111Mm F (=] *

e A7 10R001TH - (=] - 192 oo 11000000 4 (=] 1
168 AB 10101000 t (=] . 193 ¢l tigooont é (=] 2
188 A9 10101000 5 {m] . w4 ez 11000010 3 {=] B
5 AR 10101010 2 (=] r 195 €I 11000011 & (=] o
71 Am woon C| (] ¥ e ce 1ioooioo o (= 7
172 AC 10101100 K [m] o 197 o 100010 . @_—
s Ap rotorior ] (=] : s ce 1i00m0 & (] .
174 AE 10101110 L @ / 188 c7 o onpomin i . E] i




Dscimal  Hex Binary gmll\;:? é:::;:: Docimal  Max Binary g:;‘::‘: é:::::
200 cg& 11901000 Fl (=] a 225 Bl oo M (= 1
W cg 11007001 { (=] * 6  E2 11100010 I
202 CA  110MB0 & [=] 227 B3 inogent g = =
203 ce 11001011 'y = i 228 €4 11100100 . {en] s
204 cc 11001100 i B 1 229 5 1110001 LS E-j %
206 o 11001101 7 (=} = 230 5 110010 s (=1
206 CE 11901110 b1 [E} v 231 E7  T1100111 L E] 0
7 CF  11e01m a] (=} » MmO A0 (=) w
208 DO 11010000 4§ E] X 233 €8 11101001 [ ] (=} '
209 Bl TG00 2 (=) x 224 B 1000 ] (=~ &
210 o2 1101000 A [E] W 235 EB 11101011 | @ A

m;n 03 1pto0l A @ w 236 EC 1110100 b | {E] ..... s
72 D4 11012100 a E} - ?3} ED 11101101 L E} D
213 D5 H1010101 2 =) 238 EE 11101110 o (=] *
214 B6 11010110 [ (=] ~ 238 BE 11101111 [ | [m]
25 o nont g [=] o 2o Fo mitooe (=] v

e DR 1101000 A E] A 241 Fto 11m10001 - E] ®
217 Dg 11011001 f (=] « 242 P2 11110010 9 (=] o
218 DA 11011010 & (= ¢ 243 F2 o 111t00n T (] 1
218 DB 1101181 N | (=] - 244 F4 10100 F {=] s
% oc 11611100 i (=1 = 245 F5 11310101 | (]

221 oD 1i0t11e! 0 (=] ™ 25 F6 11110110 L M
222 DE  HIO1110 & (=] ¢ 247 7 1IN 3 (= >
223 OF 11011111 A (=] z 248 F8 11111000 L (=] <
224 EOD $1100000 (=] 2z 248 Fg 1nem | ] ¢




Displaysd  Keyhoart

Decimal  Hex Binary Character  Character

250 FA 11111010 + (=] «
251 FB 11RO r E] H
252 FC111HI00 g (= 7
263 D 1111110 - (=) o
264 FE 11111110 A [—3 Y
756 B 1T & (=] ¢
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APPENDIX C/TECHNICAL
INFORMATION

80C85A
. General Description

The BOCB5A is a complete B-bit parallel central processoer implemented in
silicon gate C-MOS technology and compatible with 8085A.

It is designed with same processing speed and lower power consumption
comparec with B085A, thereby oftering a high ievel of system integration.

The BOCBSA uses a muliiplexed address/data bus. The address is split between
the 8-bit address bus and the B-bit data bus.
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Figure C-2. Pin Configuration of 80C85A

Functional Pin Description

As — Ais (Output, 3-state)
Address Bus: The most significant 8 bits of the memory address or the 8 bits of
the 1/0 address, 3-stated during Hold and Halt modes and during RESET.

ADo — AD7 (input/Output, 3-state)

Multiplexed Address/Data Bus: Lower 8 bits of the memory address (or I/0
address) appear on the bus during the first clock cycle (T state) of a machine
cycle. It then becomes the data bus during the second and third clock cycles.

ALE (Output)

Address Latch Enable: It occurs during the first clock state of a machine cycle
and enables the address to get latched into the on-chip latch of peripherals.
The falling edge of ALE is set to guarantee setup and hold times for the
address information. The falling edge of ALE can also be used to strobe the
status information. ALE is never 3-stated.

So, S1 and IO/M
Machine cycle status:
IOM Si  So States IOM S So States

0 0 1 Memory write 1 1 1 Interrupt Acknowledge
0 1 0 Memory read 0 0 - Halt. =3-state
1 0 1 1/O write X X Hold (high impedance)
1 1 0 VO read X X Reset x=unspecified
0 1 1 Opcode fetch

S1 can be used as an advanced R/W status. I0/M, So and St become valid at
the beginning of a machine cycle and remain stable throughout the cycle. The
falling edge of ALE may be used to latch the state of these lines.
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AD (Output, 3-state) _

READ control: A low level on RD indicates the seiected memory or | O gdevoe =
to be read and that the Data Bus is available for the data transfer, 3-staiec
during Hold and Halt modes and during RESET.

WR {Output, 3-state) _

WRITE contral: A low level on WR indicates the data on the Data Bus is {o be
written into the selected memory or /O jocation. Data is set up at the trailing
edge of WR, 3-stated during Hold and Halt modes and during RESET.

READY (Input)

It READY is high during a read or write cycle, it indicates that the memory or
peripheral is ready to send or receive data. If READY is low, the CPU will wait
an integral number of clock cycles for READY to go high before completing the
read or write cycle. READY must conform to specified setup and hold times,

HOLD (input)

HOLD indicates that another master is recuesting the use of the address and
data buses. The CPU, upon receiving the hoid request, will relinguish the use of
the bus as soon as the completion of the current bus transfer. Internat
processing can continue. The processor can regain the bus only after the HOLD
is removed. When the HOLD is acknowledged, the Address, Data, RD, WR,
and IO/M lines are 3-stated.

HLDA {Qutput)

HOLD ACKNOWLEDGE: Indicates that the CPU has received the HOLD
request and that it witl relinquish the bus in the next clock cycle. HLDA goes low
after the Hold request is removed. The CPU takes the bus one haif clock cycle
after HLDA goes low.

INTR (Input}

INTERRUPT REQUEST: Is used as a general purpose interrupt. it is sampled
only during the next to the last clock cycle of an instruction and during Hoid and
Halt states. If it is active, the Program Counter (PC) will be inhibited from
incrementing and an INTA will be issued. Duting this cycle &8 RESTART or CALL
instruction can be inserted to jump to the interrupt service routine, The INTR is
enabled and disabled by software. It is disabled by Reset and immediately after
an interrupt is accepted.

INTA (Output)
INTERRUPT ACKNOWILEDGE: Is used instead of (and has the same timing as)
RD during the instruction cycle after an INTR is accepted.

RST 5.5, RST 6.5, RST 7.5 (input)
RESTART INTERRUPTS: These three inputs have the same timing as INTR
except they cause an internal RESTART to be automatically inserted.

The priority of these interrupts is ordered as shown in Table C-1. These
interrupts have a higher priority than INTR. In addition, they may be individually
masked out using the SIM instruction.

TRAP {Input)

Trap interrupt is a2 nonmaskable RESTART interrupt. it is recognized at the
same timing as INTR or BST 5.5 - 7.5. it is unaflected by any mask or interrupt
Disahle, It has the highest priority of any interrupt. (See Table C-1.}



RESET IN (input)

Sets the Program Counter to zero and resets the Interrupt Enable and HLDA
flip-flops. The data and address buses and the controd lines are 3-stated doen-g
RESET and because of the asynchronous nature of RESET, the processar's
internal registers and flags may be altered by RESET with unpredictable resuis
RESET IN is & Schmitt-triggered input, allowing connection 10 an R-C netwox
for power-on RESET delay. The CPU is held in the reset condition as long as
RESET IN is applied.

RESET QUT (Qutput)

Indicates CPU is being resel. Can be used as a system reset. The signal is
synchronized fo the processor clock and lasts an integral number of clock
periods.

X4, X {Input)

X1 and X2 are connected to a crystal to drive the internal clock generator. X
can aiso be an external clock input from & logic gate. The input frequency is
divided by 2 to give the processor's internal operating frequency.,

CLK (Cutput}

Clock Output for use as a system clock. The period of CLK is twice the X:, Xz
input period.

SID {Input)

Serial input data line. The data con this line is lpaded into accumuiator bit 7
whenever a RIM instruction is executed.

S0D (Output)
Serial output data line. The output SOD is set or reset as specified by the SIM
instruction.

Vee
+5 volt supply.

GND
Ground Reference.
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Table C-1. Interrupt Priority, Restart Address and Sensitivity




Function

The 80CB5A has twelve addressable B-bit registers. Four of them can funcr.or
only as two 16-bit register pairs, Six others can be used interchangeably as #
bit registers or a 16-bit register pairs. The BOCB5A register set is as foliows:

Mnemonic Register Contents
ACC or A Accumulator 8-bits
PC Program Counter 16-bit address

BC, DE, HL General-Purpose Register; 8-bit x 6 or 16-bits x 3
data pointer {HL}

5p Stack Pointer 16-bit address

Flags or F Flag Register 5 ftag (8-bit space)

The BOCB5A uses a multiplexed Data Bus. The address is split between the
higher 8-bit Address Bus and the lower 8-bit Address/Data Bus. During the first
T state {ciock eycie) of a machine cycle the low order address is sent out on
the Address/Data Bus. These lower 8-bits may be latched externally by the
Address Latch Enable signal (ALE). During the rest of the machine cycle the
data bus is used for memory or IO data.

The 80C85A provides RD, WR, So, S1 and 10/M signals for bus control. An
Interrupt Acknowledge signal (INTA} is also provided. Hold and all Interrupts are
synchronized with the processor's internal clock. The 80C85A also provides
Serial Input Data {SID) and Serial Output Data (SOD} lines for a simple serial
interface.

In addition to these features, 80C85A has three maskable, vector interrupt pins
and one nonmaskable THAP interrupt,

Interrupt and Serial 1/0

The 80C85A has 5 interrupt inputs: INTR, RST 5.5, RST 6.5, RST 7.5, and
TRAP. INTR is identical in function to the 808CA INT. Each of the three
RESTART inputs, 5.5, 8.5, and 7.5, has a programmabie mask. TRAP is also a
RESTART interrupt but it is nonmaskable.

The three maskable interrupts cause the internal execution of RESTART {saving
the program counter in the stack and branching to the RESTART address) if the
interrupts are enabled and if the interrupt mask is not set. The nonmaskable
TRAP causes the internal execution of a RESTART vector independent of the
state of the interrupt enable or masks. (See Table C-1))

There are two different types of inputs in the restart interrupts. RST 5.5 and
R8T 8.5 are high level-sensitive like INTR (and INT on the 8080A) and are
recognized with the same timing as INTR. RST 7.5 is rising edge-sensitive.

For RST 7.5, only a pulse is required to set an internal flip-flop which generates
the internal interrupt request. The RST 7.5 request flip-flop remains set until the
request is serviced. Then it is raset automaticafly, This fiip-flop may also be
reset by using the SIM instruction or by issuing a RESET IN to the 80C85A,
The RST 7.5 internai flip-flop will be set by a puise on the RST 7.5 pin even
when the RST 7.5 interrupt is masked out,
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The interrupts are arranged in a fixed priority that determines which interrupt 5
to be recognized if more than one is pending as follows: TRAP-highest priority.
RST 7.5, RST 6.5, RST 5.5, INTR-lowest priority. This priority scheme does not
take into account the priority of a routine that was started by a higher priority
interrupt. RST 5.5 can interrupt an RST 7.5 routing if the interrupts are re-
enabled before the end of the RST 7.5 routine.

The TRAP interrupt is useful for catastrophic events such as power failure or .
bus error. The TRAP input is recognized just as any other interrupt but has the

highest priority. It is not affected by any flag or mask. The TRAP input is both

edge and level sensitive. The TRAP input must go high and remain high until it

is acknowledged. It will not be recognized again until it goes low, then high

again. This avoids any faise triggering due {0 noise or logic glitches. Figure C-3
illustrates the TRAP interrupt request circuitry within the 80C85A. Note that the
servicing of any interrupt (TRAP, RST 7.5, RST €.5, RST 5.5, INTR) disables all

future interrupts {except TRAPs) until an El instruction is executed.

The TRAP interrupt is special in that it disables inferrupts, but preserves the
previcus interrupt enable status. Performing the first RIM instruction following a
TRAP interrupt allows you to determine whether interrupts were enabled or
disabled prior to the TRAP. All subsequent RIM instructions provide current
interrupt enable status. Performing a RIM instruction following INTR or RET 5.5
— 7.5 will provide current interrupt Enable status, revealing that Interrupts are
disabled.

The serial YO system is also controlled by the RIM and SIM instructions. SID is
read by RIM, and SIM sets the SOD data.

INSIDE THE 80C85A .
EXTERNAL
TRAP
INTERRUPT
REQUEST | TRAP
RESETIN | | SCHMITT
TRIGGER | gggeT
m"“) TRAP
u INTERRUPT
v e REQUEST
5}
F/F
CLEAR
TRAPF.F
INTERNAL
L  TRAP
ACKNOWLEDGE

Figure C-3. Trap and RESET IN
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Basic System Timing

The 80C85A has a muitiplexed Data Bus. ALE is used as a strobe to sampie
the lower 8-bits of address on the Data Bus. Figure C-4 shows an instruction
fetch, memary read and /O write cycle (as would oceur during processing o
the OUT instruction), Note that during the 1’0 write and read cycle that the 1 T
port address is copied on hoth the upper and lower half of the address.

Thera are seven possible types of machine cycles. Which of these seven takes
place is defined by the status of the three status lines (I0/M, S1, So) and the
three control signals (RD, WR, and INTA}. {See Table C-2.) The status iine can
be used as advanced controls {for device selection, for example), since they
become active at the T1 state, at the outset of each machine cycle. Control
lines AD and WR become active later, at the time when the transfer of data is
to take place, so are used as command lines.

A machine cycle normally consists of three T states, with the exception of
OPCODE FETCH, which nermally has either four or six T states {unless WAIT
or HOLD states are forced by the raceipt of READY or HOLD inputs). Any T
state must be one of ten possible states, shown in Table C-3.
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Table C-2. 80C85A Machine Cycle Chart
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Figure C-4. BOC85A Basic System Timing
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81C55

General Description

The MSM81C55RS/GS is a 2K bit static RAM (256 byte) with parallel /0O ports.
It uses silicon gate CMOS technology and consumes a standby current of 100
micro ampere maximum while the chip is not selected. Featuring a maximum

' access time of 400 ns, the MSM81C55RS/GS can be used in an 80C85A
system without using wait states. The parallel /O consists of two 8-bit ports and
one 6-bit port (both general purpose). The MSM81C55RS/GS also contains a
14-bit programmable counter/timer which may be used for sequence-wave
generation or terminal countpulsing.

o/ - PORT A
2568 <z> PAO~7
AD0~7<:> -
- staticl [ [porT B
CE T | ram B PBo~7
ALE ——

RD ————#

PORT C
PCo~s

o 11

WR ————

RESET ——+]

TIMER QUT * GND(0V)

‘ TIMER CLK—T LVCC (+5V)

Figure C-5. Functional Block Diagram
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_— TE[E] I3 Pee  =—
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< AD [ [ ra: <=—>
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P E PAs AT
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. P 7 PAs >
- T3 PAr =
PER—. 2 par =
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Functional Pin Description

RESET (inpuf)
A high level input to this pin resets the chip, placing all three /O ports in the
input mode, and stops timer.

ALE (Input)
Negative going edge of the ALE (Address Laich Enabie} input iatches ADo - -,
I0/M, and CE signals into the respective tatches.

ADo - 7 (Input/Output)

Three-state, bi-directional address/data bus. Eight-bit address information on
this bus is read into the internal address iatch at the negative going edge of the
ALE. Eight bits of data can be read from or written to the chip using this bus
depending on the state of the WRITE or READ input.

CE (Input)
When the CE input is high, both read and write operations to the chip are
disabled,

10/M (Input)
A high level input to this pin selects the internal IO functions, and a iow ieve!
setects the memory.

RD (Input)
If this pin in fow, data from either the memory or ports is read onto the ADo - 7
lines depending on the state of the 10/M line.

WR (Input)
i this pin is low, data on lines ADo - 7 is written into either the memory or into
the selected port depending on the state of the IO/M line.

PAo - 7, PBq - 7 {Input/Output)
General-purpose 10 pins. Input/output directions can be determined by
pregramming the command/status (C/S) register.

PCo - 5 {Input/Qutput)

Three pins are usable either as general-purpose 1O pins or control pins for the
PA and PB ports. When used as control pins, they are assigned to the foliowing
functions:

PCO: A INTR (port A interrupt)

PC1: A BF {port A full)

PC2: A STB (port A strobe)

PC3: B INTR {port B interrupt)

PC4: B BF (port B buffer full)

PC5: B STB (pert B strobe)}

TIMER IN (Input}
input to the countertimer

TIMER QUT (Qutput)

Timer output. When the present count is reached during timer operation, this
pin provides a square-wave or puise output depending on the prograrmmed
control status.



Function

B1C55 has 3 functions as described below.

e 2K bit static RAM (256 words x 8 bits)

¢ Two 8-bit 4O ports (PA and PB) and a 6-hit I'O port {PC)

& 14-bit timer counter

The internal register is shown in the figure below, and the /O addresses are
described in the table below.

' I
| |
| |
| & B-bit [mtermat Data Bus ( |
i - |
| |
{ |
: < |

Com- P Timer| Timer |
: mand ¢ Fa PA Timsa | L8 i

i

: Status Timer Mode F
| L 6bits |t Bnits 8 bits |
; |
b e o e e — R — a0 )

Figure C-7. Internal Register of 81C55

O Address

A7 A6 | A5 [ A2 A3 | AZ [ A1 ] AD Selecting Register

X X X X X ¢ ¢ Q0 ! internal command/status cegister

x X X X X ¢ a 1 Universal Y0 port A {PA)

X X % X X 4] 1 0 | Universal YO port B (PB)

X X X X X 0 1 L] /0 po C{PC)

X ioX X X X 1 0 4 | Timer gount tawer positian 8 hits {LSB)

x ix bl wlx x| o | 1| Timercountupper position 6 bits and timer mode 2 bits (MSE
X Don't care.

Table C-4. I/0 Address of 81C55
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(1) Programming the Command/Status (C/S) Register

The contents of the command register can be written during an 'O cycie by
addressing it with an I/C address of xxxxx000. Bit assignments for the register
are shown helow:

[Tt Tm2] e8| £ [Pc2 [ pei ] pa | Pa |
L} L] .

!.‘ Detinition of PAc - 7 G~ input

s Definition of PBo - ¢ t = output

O0-ALTE Sea the pon
1T=ALTE  control

01 -ALT3 assigrament
10~ALT4  table,

Port A interrupt enakte 1 = enablad

Femsssss——me Drgfinition of PCo - s

Part B isterrupt enable (= disabled
0« NOP : Does not affect counter operations,

01« 5TOF : Stops the timer it if is runming.
MOP if the timer is not running.

= Timer commandg

10 -STOPR AFTER TG : Slups the timer when Il reaches
TG,
NQP if Ihe timer is net running,

11-3TART : If the timer is not running, loads the made
and the count length, and immediately

stars timer operation. It the timer is run-
ning, loads a new mode and the count
tength, and starts timer operation imme-

diagtely after TC is reached,

Figure C-8., Programming the Command/Status Register

Pin ALTY ALT2 ALT3 ] ALTA
FCs Input port Output poet A INTH AINTR
PG Input port Cutput port A BF A BF
PC: Input port Dutput part ASTH A STH
PCi input port Qutput port Dutput port BINTR
PCs Input port Cutput port QOutput port B BF
PCs Input part Cutput port Owput port BSTB

Table C-5. Port Control Assignment
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{2) Reading the C/5 Reglster

The IO and timer status can be accessed by reading the contents of the Stans
register located at /0 address xoxx000. The status word format is shown
below:

AD7 ADE ADS AD4 AD3I ADZ AN ADG

. NHMER]WTEBi B BF I:NTREl:N‘{EAI A BF tm‘mxl

Fort A interrupt request

i Pyrt A Dffer full

e Pyt A iNterrLpt enable

R %= D511 B interrupl requast

Port B huffer full

Port B interrupt enable

Tirmer interrupt. This bit is set high whee the timer
reaches TC, and is reset when the C/5 register is reac or
a hardware raset ocours,

Figure C-9. Reading the C/S Register

(3) PA and PB Registers
These registers may be used as either input or output ports depending on the
programmed contents of the C/S register. They may alsc be used either in the
. basic mode or in the strobe mode.,
I/O address of the PA register: xoxxx001
IO address of the PB register: x00x010

{4) PC Register

The PC register may be used as an input port, output port or control register
depending on the programmed contents of the C/S register. The 1/O address of
the PC register is x00xx011.

(5) Timer
The timer is a 14-bit counter which counts TIMER IN puises.

The low order byte of the timer register has an 10 address of xxxx1008, and
the high order byte of the register has an YO address of x00x101.

The count length register (CLLR) may be preset with two bytes of data. Bits 0
through 13 are assigned to the count length: bits 14 and 15 specify the timer
output mode. A read operation of the CLR reads the contents of the counter
and the pertinent output mode. The initial value range which can initially be
ioaded into the counter is 2 through 3FFF hex. Bit assighments to the timer
counter and possible output modes are shown in the following.
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[ M2 [ mi]Ta|Ti2[vi1 {0 19 [ 18 |
L J L ]

Cutput mode High order 8 bits of count length

[TE’]TBITSIM[TS[W{H[TTo[ .

Low order byte of count length

Figure C-10. Bit Assignments to the Timer Counter

M2 M

g 0 Qutputs a low-level signal in the latter haif (Note 1) of a count period.

o 1 Outputs a low-level signal in the latter half of a count period,
automatically loads the programmed count length, and restarts
counting when the TC value is reached.

1 0 Outputs a pulse when the TC value is reached.

1 Qutputs a pulse each time the preset TC value is reached,
automatically loads the programmed count length, and restarts from
the beginning.

Note 1: When counting an asymmetrical value such as (9), a high level is
output during the first period of five, and a low level is output during
the second period of four.

Note 2: i an internal counter of the B1C55 receives a reset signal, count
operation stops but the counter is not set to a specific initial value or .
cutput mode. When restarting count operation after reset, the START
command must be executed again through the C/S register.

{6) Standby Mode .

The 81C55 is placed in standby mode when the high level at CE input is
latched during the negative going edge of ALE. All inpiit ports and the timer
input should be pulled up or down to either Voo or GND potential.

When using battery back-up, all perts should be set low or in input port mede.
The timer output should be set low. Otherwise, a buffer should be added to the
timer cutput and the battery should be connecied to the power supply ping of
the buffer.

By setting the reset input fo a high level, the standby mode can be selected. In
this case, the command register is reset, so the ports automatically set to the
Input mode and the timer siops.
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82C51A
General Description

82C51A is USART (Universal Synchronous Asynchronous Receiver Transmitta~:
for serial data communication devetoped for the microcomputer system.

As a peripheral device of the microcomputer system, 82C51A receives paralie!
data from CPU and transmits serial data after conversion. This device also
receives serfal data from outside and transmits parallel data to CPU after
conversion. Thus the device is used for serial data communication.

B2C51A configures a fully static circuit using silicon gate CMOS technology.
Therefore, it operates on an extremely low power supply at 100 pA {max.} of
standby current by suspending all the operations. 82C51A is functionally
compatible with 8251A.

DATA TRANSMIT
D:-Da BUS BUFFER | T30
BUFFER [Ty

.
RESET g L o TXADY
CiK ——o K y
G —— st READAWRITE FRANSMIT | ye
CONTROL CONTROL
B ——
_____ > LoaIC e THG
wH ——g

. REZEIVE
DTR ==—9 MmODEM < BUFFER g XD

" JR— COMNTROL
615 ——> <j> s
ATS

RECEWE |
R CONTROL [ RxC

pe———2 BYNDET/BD

N

Figure C-11. Functional Block Diagram
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P [WE E O -— e
e D [2] -
 » RXDE

N.C.[5]

GNDB[E] -
-— De IE [E— —
s D[] BoCsIA s
—> O+ [2] _—
- D:[s -—
__ . Txcfo e
..... —  WR[] 22] TXD —
—> cs[z B TXeMPTY  —

N.C.[i3 2d N.C.
— > cofs 18 ¢TS5 E—
— 5] i1 [i6] SYNDET/BD «—»
= RXRDY [ 7] TxRDY e

Figure C-12. Pin Configuration of 82C51A

Functional Pin Description

Da — D7 {Input/Output)
This is a bidirectional data bus which receives control word and transmit data
from CPU and sends status word and received data fo CPU.

RESET (input)
A “High" on this input forces the B2C51A into “reset status”.

The device waits for the wriling of “mode instruction”.

The min. reset width is six clock inputs during the operating status of CLK.

CLK (input)
CLK signal is used to generate an internal device timing.

CLK signal is independent of RXC or TXC.

However, the frequency of CLK must be greater than 30 times the RXC and
TXC at Synchronous mode and Asynchronous “x1” mode, and must be greater
than 5 times at Asynchronous "x16" and “x64" mods.

WR (Input)

This is “active low” input terminat which receives a signal for waiting transmit
data and control words from CPU into 82C51A.

RD {Input)

This is “active low" input terminal which receives a signal for reading receive
data and status words from 82C51A.
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C/D (input)
This is an input terminal which receives a signal for seiecting data or commanc
word and status word when 82C51A is accessed by CPU.

If C/D=low, data will be accessed.

If G/ = high, command word or status word will be accessed.

CS§ {Input)
This is “active low” input terminal which selects the B2C51A at low level when
CPU accesses.

Note: The device won't be in “standby status" only setting C3 = High.
Refer to “Standby Status”.

TXD (Output)
This is an output terminal for transmit data from which seriai-converted data is
sent out.

The device is in “mark status” (high level) afier reselting or during a status
when transmit is disabled.

it is also possible to set the device in “break status” (low ievel) by a command.

TXRDY (Output)
This is an output terminal which indicates that 82C51A is ready to accept a
transmit data character.

But the terminal is always at low ievel if CTS=high or the device was set in
“TX disable status” by a command.

Note: TXRDY of status word indicates that transmit data character is
receivabie, regardiess of CTS or command.

I CPU write a data character, TXRDY wiil be reset by the leading edge or WR
signal.

TXEMPTY (Output)
This is an output terminal which indicates that 82C51A transmitted all the
characters and had no data character.

In “synchronous mode’, the terminal is at high level, if transmit data characters
are no longer left and sync characters are automatically transmitted.

If CPU write & data character, TXEMPTY will be reset by the leading edge of
WR signal.

Note: As a transmitter is disabled by setting CTS "High” or command, a

data written before disabled will be sent out, then TXD and TXEMPTY will
be "High". Even if a data is written after disable, that data is not sent out

and TXE will be “High”.

Atter enabled transmitter, it is sent out.

TXC (Input)
This is a clock input signal which determines the transfer speed of fransmit
data.

In "synchronous mode”, the baud rate will be the same as the frequency of
TXC.

in "asynchronous mode’, it is possible to select baud rate factor by mode
instruction. It can be 1, 1/16 or 1/64 the TXC.

c-21



The faliing edge of TXC shifts the serial data out of the 82C51A.

RXD (Input}
This is a terminal which receives serial data.

RXRDY (Output)
This is a terminal which indicates that 82C51A contzins a character that is

ready to READ. .

If CPU reads a data character, RXRDY wil! be reset by the leading edge of RD
signal.

Unless CPU reads a data character befere next one character is received
completely, the preceding data will be lost. In such a case, an overrun error flag
of status word will be set.

RXC (Input)

This is a clock input signal which determines the transfer speed of receive data.

in_'synchronous mode”, the baud rate will be the same as the frequency of
RXC.

in “asynchronous mode", it is possible to seiect baud rate factor by mode
instruction. It can be 1, 1/18, 1/64 the AXC.

SYNDET/BD (input/Cutput)
This is a terminal which function changes according to mode.

In “internal synchronous mode”, this terminal is at high level, if sync characters
are received and synchronized. If status word is read, the terminal will be reset.

In “external synchronous mode”, this is an input terminal. .
If “High” on this input forces, B2C51A starts receiving data character.

In “asynchronous mode”, this is an output terminal which generates “high fevel”
output upon the detection of “break” character, if receiver data contained “low
level” space between stop bits of two continuous characters. The terminal wilt
be reset, it RXD is at high level.

DSR (Input)

This is an input port for MODEM interface. The input status of the terminal can
be recognized by CPU reading status words.

DTR (Output)

This s an output port for MODEM interface. It is possible to set the status of
BTR by a command.

CTS (input)

This is an input terminal for MODEM interface which is used for controfling &
transmit circuit. The terminal contrels data transmit i the device is set in “TX
Enable” status by a command.

Data is transmittabte if the terminal is at low leveil.

RTS (Output)
This is an output port for MODEM interface. # is possible to set the status of
RTS by a command.
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Function
Outline
82C51A’s functional configuration is programmed by the software,

QOperation between 82C51A and CPU is executed by program controf. Tabie
C-6 shows the operation between CPL) and the device.

G5 | c/b | RD | WR

1 X X X Data bus 3-state

0 X 1 1 Data bus 3-state

0 1 0 1 Status — CPU

0 1 1 0 Controi word « CPU
0 0 0 i Data — CPU

0 0 1 0 Data « CPU

Table C-6. Operation between 82C51A and CPU

It is necessary to execute a function-setting sequence after resetting on
B2C51A. Figure C-13 shows the function-setting sequence.

If the function was set, the device is ready to receive a command, thus enabling
the transter of data by setting a necessary command, reading a status and
reading/writing data.
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External reset

Internal reset

Write mode
instruction.

No

Write first sync
character.

Single
SYNC maoda

No

Write second
syne character.

End of mode
setting

Figure C-13. Function-Setting Sequence
(Mode Instruction Sequence)

There are two types of control words.
1. Mode instruction {setting of function)
2. Command (selting of operation)

1. Mode Instruction

Mode instruction is used for setting the function of 82C51A, Mode instruction
will be in “wait for write” at either internal reset or external reset. That is, the
writing of control word after resetting will be recegnized as “mode instruction”.

Items to be set by mode instruction are as foliows:
& Synchronpus/Asynchronous mode

& Character hronous mode

¢ Character length

& Parity bit

& Baud rate factor (asynchronous mode)

¢ |nternal/external synchronization {synchronous mode)

# No. of synchronous characters (synchronous mode) .

The bit configuration of mode instruction is shown in Figures C-14 and C-15. In
the case of synchronous mode, it is necessary to write one- or two-type sync
characters,

it sync characters were written, a function will be set because the writing of
sync characters constitutes part of mode instruction.
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i

[}

Dr

D

333

253 D

S

L1l

PEN

3] Bz

8y

Baud rate factar
#] 1 ] 1
G i 1 1
Reter to
X Tx 16x Hadx
Fig. C-15
Character fangth
o 1 0 1
o] o 1 1
5 bits & hits 7 bits & bils
Parity check
a 1 a H
o g 1 1
Odd _ Even
Disabla parity Disabla party
Stap bit lenagth
43 1 a ]
o] 4] 1 1
Inthibit 1 bit 1.5 bits 2 bits

Figure C-14. Bit Configuration of Mode Instruction {Asynchronous)
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Or Da D Th =54 Dz ™ O

SCS £S0 = PEN Lz L o o
Character langth
0 1 4 t
q ] 1 1
5 bits & hits ¥ bitz 8 bits
Parity
[ 1 4] t
) a 1 1
. Odd . Evan
Disable arity Oisabla Darety
Synchronous Mode
[ 1

Internal | Extarnal
synchra- | syachro-
nization | nization

Mo. of synchronous characters .

a 1

2 char- 1 ehar-
acters acter

Figure C-15. Bit Configuration of Mode Instruction {Synchronous)

2. Command
Command is used for setting the operation of 82C51A.

It is possible to write a command whenever necessary after writing mode
instruction and sync characters.

ltens to be set by command are as foliows:

& Transmit Enable/Disable

Receive Enable/Disable

DTR, RTS Output of data

Resetting of error flag

Sending of break characters

Internal resetting

Hunt mode (synchronous mode)

The bit configuration of a command is shown in Figure C-16.

C-26



223

[+13

3

[N

Da [=F} o 25}

EH

RTS

BBRK RAXE DTR TXEM

1...Transmit Enabla
Q.....Disabls

1....Receive Enable
G....Disable

1....Send break
character.
0....Normal operation

t...Rasst arror
ftag.
O--Normal aperation

RTS__
1~ RTS=0
0~ ATS=1

1. Internal raset
O.... Mormel operation

[Note] Search mode for synchronous

characters in synchronous mode.

1.....Hunt mode
{Note)
Q..Normal operation
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Status Word
It is possible to see the internal status of 82C51A by reading a status wors Tre
bit configuration of status word is shown in Figure C-17.

D [+ Ds D [+ o5} D Da
SYN- T RX ™
DSR | DET/ | FE O PE [EMPTY] RDY | ROY
an

Partly different from
TXRDY terminal.

Same as terming|.

1...Parity error
t....Overrun areor .
[Note} Only asya-
chronous mode.
. top bit cannot
1....Framing errar g:;eulactad.

Shaws larminal BSA.
t - DSAR=0
0 - I8R=1

Figure C-17. Bit Configuration of Status Word

Standby Status
It is possible to put 82C51A in “standby status” for the complete static
configuration of CMOS,

When the following conditions have been satisfied that 82C51A is in "standby

status”.

® S terminal shall be fixed at VCC level. _

® [nput pins other than CS, 0O to D7, RD, WR and C/D shall be fixed at VCC
or GND level (including SYNDET in external synchronous mode).

Note: When all cutputs current are 0, ICCS spscification is applied.
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Basic Construction of LCD

Liquid crystal is a substance midway between 4 liguid and a solid, although itz
appearance is much like a liquid. From an electrical and optical standpoint, it
possesses the properties of a crystal. tems which use this substance are cailec
fiquid crystal display elements. The LCD used in the Tandy 200 is a TN {Twisted
Nematic} type of liquid crystal. Its basic construction is shown in Figure C-18.

Liguid Crystal
Front Glass /
Electrode ;,-' Front Polarizer
J— . e
i ,.f"
s £
[ /
p” |
.......... ..;‘f;: — —— —
AY
y 1 7 T
| T P ]
! : \ *,
\ *_ Reflector
\I\‘ \.I ................................
\ Filler \ )

K % Rear Polarizer

b

\ Rear Glass Electrode

Figure C-18. Construction of LCD Panel

The L.CD operates as an "electric shutter” that controls the passage of light.

if voltage is applied, the transmission of light is blocked, otherwise, light is
allowed 1o pass so that letters and numbers can be displayed.

Figure C-19 demonstrates how the LCD operates:

# The liquid-crystal display element is sandwiched between the two polarization
plates. The polarized axes of the upper and lower plates are placed at right
angles to each other to use the optical “twisting” of light.

& As shown in Figure C-19 (a), if voltage is not appiied, the liquid-crystal
molecules between the upper and lower plates twist 80° to distribute light.
This resuits in a 90° optical movement and the transmission of light.

* In Figure C-19 (b}, however, voltage is applied and the liquid appears frosted
in current-carrying areas, thus blocking light transmission.
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{a} Voltage is not applied | _ NaturalLight ! (b} Voltage is appi e

Twisted 90" 7/ !
Rear Giass
— 4. Hectrode o T
p

Light is passed Light is interrupted
Bright Dark

Figure C-19. Operation Theory of LCD Panel
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HM6264LFP-12HM6264LFP-15

8192-word x 8-bit High Speed Static CMOS RAM

FEATURES
High Density Small-sized Packaged
Projection Area Reduced to One-Thirds of Conventional DIP
Thickness Reduced to a Half of Conventional DIP
High Speed: Fast Access Time 120/150ns (max)
Single 5V Supply
Low Power Standby and Low Power Operation
Standby: 10uW (typ.), Operation: 200mW (typ.)

® Capability of Battery Back-up Operation
® Completely Static RAM: No clock nor Timing Strobe Required
@ Directly TTL Compatible: All Input and Qutput
® Equal Access and Cycle Time
& BLOCK DIAGRAM
O "
A Oy T —0 Vic
A O——rp I W
A Ot ) Fow . Memory Mateix —0 GND
v o, Decoder | o 256 X256
Yol L2
PTG )y
-1
— I 1
1y ! o
» T 1] Column 10
i trpur Calumn Decader
AN
: i %’] [
[ —r [
2D I 1T g’l
I |

i Timey Pulse Cen

® ABSOLUTE MAXIMUM RATINGS

(FP-28)

& PIN ARRANGEMENT

ne 1]
ALz
S5
N6
A
A
]
NG
AB
N
vo, [t}
10,12}
110, (13|
GND14]

28] vee
27) WE
26] €S,

74] A,

[32] oF

[15]v0,
[18] /0,
7] 1/0,
16] 1/0,
[15] 170,

Item Symbol Rating Unit
Terminal Voltage * vt —0.5**10+7.0 v -
Power Dissipation PT 1.0 W (Top View)
Operating Temperature Topr 0to+70 °C
Storage Temperature Tstg —5510+125 °C
Storage Temperature (Under Bias) Toias —10to +85 °C
* With respect to GND.  ** Pulse width 50ns: ~3.0V
s TRUTH TABLE
WE (€S, |cs, | OF Mode 1/0 Pin Ve Current Note
X H X X | Not Selected Righ Z ISB, ISB1
X X L X | (Power Down) High Z ISB, /SB2
H L H H | Output Disabled High Z Icc,Iccy
H L H L | Read Dout Jcc, Icct
L L H H Write Din Icc,lcci Write Cycle (1)
L L H L Din Icc, fcct Write Cycle (2)
X:HorL
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8 RECOMMENDED DC OPERATING CONDITIONS (T; = 0 to +70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Volt
UPPly Yoltage GND 0 0 0 v
Vin 2.2 - 6.0 v
Input Volt;
nput Voltage Vi | <03 | < 038 v
* Pulse Width 50ns: 3.0V
® DC AND OPERATING CHARACTERISTICS (V¢ = 5V+10%,GND =0V, T, =0 to +70°C)
ltem Symbol Test Condition min | typ* | max | Unit
Input Leakage Current 78l Vin=GND to V¢ce - - 2 | uA
CS1=Vip or CS2=V1y, or OE=Vy ot WE=V;p,
Output Leakage Current Lol V1/0=GND of Vee - - 2 | uA
Operating Power Supply Current| Jcc CS1=ViL, CS2=Vin, I170=0mA - | 40 80 | mA
Average Operating Current Iccy Min. cycle, duty=100%, 1f/0=0mA - 60 {110 | mA
Iss CS1=Vy or CS2=V1L, - 1 3 I mA
Standby Power Supply Current | fspyes | CS12Ve0-0.2V, CS22Vec ~0.2Vor CS250.2V] — 2 100 | uA
Ispaes | CS250.2V - 2 {100 | pA
Vo ToL=2.1mA _ T Toa TV
Output Voltage L
Von lon=-1.0mA 24 _ v

* Typical limits are at Voo=5.0V, T4=25°C and specified loading.
** V1L min=-0.3V

® CAPACITANCE (f= IMHz, T, = 25°C)

Item Symbot | Test Condition | typ | max | Unit
Input Capacitance Cin Vin = 0V - 6 pF
Input/Output Capacitance Cryo Viyo =0V - 8 pF

Note) This parameter is sampled and not 100% tested.

® AC CHARACTERISTICS (Vo = 5V+10%, 7a = 0 to +70°C)
® AC TEST CONDITIONS

Input Pulse Leveis: 0.8 to 2.4V

input Rise and Fall Times: 10ns

input and Output Timing Reference Level: 1 5V

Output Load: 1TTL Gate and €t = 100pF (including scope and jig}
® READ CYCLE

HM6264LFP-12 HM6264LFP-15 .
Item Symbol - - Unit
min max min max

Read Cycle Time tre 120 - 150 - ns
Address Access Time 144 - 120 — 150 ns
Chip Selecti Output CS1 tcor - 120 - 150 ns
ip Selection to Outpu os2 teos - 136 - 156 m
Output Enable to Qutput Valid tOE - 60 - 70 ns
Chip Selection to Output l Cs1 fLz: 10 = 5 - ns
in Low Z | cs2 trze 10 - 15 - ns
Output Enable to Output in Low Z torz 5 - 5 - ns
Chip Deselection to Output [ cst ‘Hz1 0 40 0 S0 ns
in High Z | cs2 tnze 0 40 0 50 ns
Output Disable to Output in High Z toHz 0 40 0 50 ns
Output Hold from Address Change toy 10 - 15 - ns

NOTES: Itz and toyyy are defined as the time at which the outputs achieve the open circuit condition and are not referred
to output voltage levels,
2 At any given temperature and voltage condition, g7z max is less than t7 z min both for a given device and from
device to device.
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» READ CYCLE

7:254
Address ), )(
\
fAa
_ o I
& VWMWK « AT
fLzy
tcoz tHz1
S LIINARNNNRANAWN
fLz2
foe tHz2
. —_{ I H A {
ZAVANUANRRNNRRNRRRNANRRRNS LI
\ i [
tonz
/ .
Dout \ Data Valid
~—tOH
NOTE : 1) WE is high for Read Cycle
® WRITE CYCLE
HM6264LFP-12 4LFP-15
item Symbol - W626 L Unit
min max min max
Write Cycle Time twe 120 - 150 - ns
Chip Selection to End of Write tow 85 - 100 - ns
Address Setup Time tAS 0 — 0 - ns
Address Valid to End of Write TAw 85 - 100 - ns
Write Pulse Width twp 70 - 90 - ns
CST,WE twri 5 - 10 - ns
e : et
rite Recovery Time ] Cs3 TWR2 1s = 15 - -
Write to Output in High Z twyz 0 40 0 50 ns
Data to Write Time Overlap thw 50 - 60 - ns
Data Hold from Write Time tpy 0 - 0 - ns
OE to Output in High Z toHz 0 40 0 50 ns
Output Active from End of Write tow 5 - 10 - ns
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© WRITE CYCLE (1) (OE clock)

. fwe - ——— o~
Address X
4]
OE__L_;.H_:.;_/ ftwRIN LD
- - tew. VR
csi ORI L
8 oy TWR2
sz y T
taw ~fy
WE lras3)s Q;’{Yf WRJ
T LT
h’quzh[SI
Dout s E__ ToH -
Din
© WRITE CYCLE (2) (OE Low Fix)
- twe
Address }
- Taw
CS1 NN \K 16} tewl2) SN
- tewl2] -wR2 [4)
cs277/ 4 SO
'
WE twell] el
, ——— — g p [ 1]t —
IPPNETE NN Wil bty S S

,‘N(S]J}.twnz =Tow H17)( (8]
ANANA'E

Fow-ripH- |{9]

NOTES: 1) A write occurs during the overlap of a low CS1, a high C52 and a low
WE. A write begins at the latest transition among CS1 going low, CS2
going high and WE going low. A write ends at the earliest transtion
among CSl going hlgh CSZ going tow and WE going high. twp is

d from the b of write to the end of write.

2) tow is measured from the later of CS1 going low or CS2 going high to
the end of write.

3) t45 is measured from the address valid to the beginning of write.

4) twR is measured from the end of write to the address change.
twR1 applies in case 2 write ends at CSt or WE going high.
twr 2 applies in case a write ends at CS2 going low.

5) During this period, 1/O pins are in the output state, therefore the input
signals of opposite phase to the outputs must not be applied.

6) If CS1 goes low simultaneously with WE going low or after WE going
low, the outputs remain in high impedance state.

7) Dout is the same phase of the latest written data in this write cycle.

8) Dout is the read data of next address.

9) If CS1 is low and CS2 is high during this period, 1/O pins are in the
output state. Therefore, the input signals of opposite phase to the
outputs must not be applied to them.
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® LOW Vcc DATA RETENTION CHARACTERISTICS (T, =0 to +70 °C)

em Symbol Test Condition min {typ imax L=
] Vpr1 | CS12¥cc-0.2V,0822¥cc-0.2Vor CS2502V | 20 | - | - W
1% = 2
cc for Data Retention Vorg TST202V 20T - v
Iccpri | Yee=3.0V,CS1 2 Ve ~ 0.2V, — 1 150% .4
- <
Data Retention Current (822 Vee - 02V 0r (82 £0.2V
Iceprz | Vee=3.0V,C82 5 0.2V ~ 11 |s0% | ua
Chip Deselect to Data Retention
Time lcor See Retention Waveform 0 - - e
Operation Recovery Time tp tre*t - | - ny

* V;p min= -0.3V, 20uA max at T,=0~40°C.
** trc = Read Cycle Time

® LOW Vcc DATA RETENTION WAVEFORM (1) {€S1 Controlled)
Data Retention Mode

CS12Vee ~ 0.2V

OV - = = e e e

* LOW Vcc DATA RETENTION WAVEFORM (2) (CS2 Controlied)

v, Data Retention Mode

cc

4‘5\,-““4,_‘_‘__\ ~~~~~~~~~~~~~~~~~~ /—~»—~r»———~~w»—
'cbr 'R

CS2.

!

Vpr2-— - —- e

0.4V o o e e N e
CS2 £ 0.2V

[} E—— - o T T T T T T e e e

NOTE: In Data Retention Mode, CS2 controls the Address, WE, CS1, OE and Din
buffer. If CS2 controls data retention mode, Vin for these inputs can be in
the high impedance state. If CS1 controls the data retention mode, CS2
must satisfy either CS2 > Vee—0.2V or CS2 < 0.2V. The other input
levels (address, WE, OE, 1/Q)can be in the high impedance state,
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HM6264LP-10,HM6264LP-12
HM6264LP-15

8192-word x 8-bit High Speed Static CMOS RAM

® FEATURES
‘ ® Fast access Time 100ns/120ns/150ns (max.)
¢ Low Power Standby Standby: 0.01mW typ.)
Low Power Operation Operating: 200mW (typ.)

Capability of Battery Back-up Operation

Single +5V Supply

Completely Static Memory. . ... No clock or Timing Strobe Required
Equal Access and Cycle Time

Common Data input and Output, Three State Output

Directly TTL Compatible: All Input and Qutput

Standard 28pin Package Configuration (DP-28)

Pin Out Compatible with 64K EPROM HN482764
» BLOCK DIAGRAM

A o———f ®m PIN ARRANGEMENT
o ',_l' —o W —
onnen fow |81 Memory Maurix —oono NC [:1: E vee
piip- e Decoder | o 256256 OF
mo—7 - LYNE: 27 we
An ("
Ll A, 3] 76) CS,
— 1 I

i
vo ™ [T]  coumuo A, E E A,

: S g‘.‘:‘:‘ Colum Decoder A’E E A,

I

Aol A1 Az As Eﬁ

O
i A s,
A

[15] /0,

Control — %.' - A‘E EA”
I
. S: |
.

G

Tl

7Y S————

Timing Pulse Cen.
50—

ad. Write Control
WE @] Read W 10, [ij] 18] 1/0,
S 1o, i} [17] 10,
» ABSOLUTE MAXIMUM RATINGS 10,13 16] 1/0,
ftem Symbol Rating Unit GNDTa)
15] 1/O,
Terminal Voltage * VT —0.5** 10 +7.0 v E j 10,
Power Dissipation [x3 1.0 w (Top View)
Operating Temperature Topr 010 +70 °C
Storage Temperature Tstg 55 to +125 °C
Storage Temperature (Under Bias) |  Thias ~10to +85 °C

* With respect to GND.  ** Pulse width 50ns: 3.0V
®» TRUTH TABLE

WE | TS, |cs, | OF Mode 1/O Pin Vee Current Note
X H X X__| Not Selected High Z IsB, ISB1

X X L | x |(Power Down) High Z IsB, IsB2

H L H H | Output Disabled Righ Z Icc, Iect

H L H L |{Read Dout Icc, Iccl

L L H H Write Din fcc, fect Write Cycle (1)
L L H L Din Icc, Iccy Write Cycle (2)

. X:HorlL
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® WRITE CYCLE (1) (OE clock)

Address K j(

Ok l( i gy -\
5T I V.14
G s
st K o X
b
[ ———W ) typ (1]

1%\\\ \{

tony

!
Dovt ey e e TN

fon
]
Din X

® WRITE CYCLE (2} (OE Low Fix)

by

o ter 14
iR

A tunr 141

s 7 7ITTTTF AARNAN

tyus 14
]

fun
wll ]

2 ton
19
Din

NOTES: 1) A write occurs during the overlap of a low Csi, a high CS2 and a low
WE. A write begins at the latest transition among CS1 going low, CS2
going high and WE going low. A write ends at the earliest transition
among CS1 going high, CS2 going low and WE going high. twp is

d from the beginninng of write to the end of write.

2) tcw is measured from the later of CS1 going low or CS2 going high to
the end of write,

3) 145 is measured from the address valid to the beginning of write.

4) twr is measured from the end of write to the address change.
twr1 applies in case a write ends at CS1 or WE going high.
twr2 applies in case a write ends at CS2 going low.

5) During this period, I/O pins are in the output state, therefore the input
signals of opposite phase to the outputs must not be applied.

6) If CS1 goes low simultaneously with WE going low or after WE going
low, the outputs remain in high impedance state.

7) Dout is the same phase of the latest written data in this write cycle.

8) Dout is the read data of next address.

9) If CS1 is low and CS2 is high during this period, [/O pins are in the
output state. Therefore, the input signals of opposite phase to the
outputs must not be applied to them.
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® RECOMMENDED DC OPERATING CONDITIONS (7; =0 to +70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \4
Supply V. -
upply Voltage GND o 0 ) v
Vin 22 - 6.0 v
I t Voit
nput Yoltage ViL | —03* | ~ 08 v

* Pulse Width 50ns: 3.0V
® DC AND OPERATING CHARACTERISTICS (Vo = 5V:10%, GND = oV, T,=0to +70°C)

Item J’ Symbol Test Condition min | typ* | max | Unit
Input Leakage Current Up Vin=GND to V¢¢ - - 2 | pA
Output Leakage Current Lot f/f/l;:g;&gsﬁzu orOB=Vip or WE=Vii, | _ - 2 ] WA
Operating Power Supply Current | /cc CS1=vyL. C82= Viu, Iyo=0mA - 40 80 | mA
Averagg Operating Current Icct Min. cycle, duty=100%, I;;0=0mA - 60 | 110 | mA
Iss CS1=Vn or CS2=Vyy, - 3 ma
Standby Power Supply Current | Ispyse | CS12Vce—0.2V, CS22Vee -0.2Vor CS250.2V] — 2 100 | uA 7
lspzer | CS250.2V - [ 2 7100 [ wa
Output Voltage VoL lop=2.1mA - - 0.4 A\
Vou Tou=-1.0mA 24 I‘ _ _ v

* Typical limits are at ¥ ¢g=5.0V, Ty=25°C and specified loading.
** Vip min=-0.3V

® CAPACITANCE (f= IMHz, T, = 25°C)

Item Symbol | Test Condition | typ | max | Unit
Input Capacitance Cin Vin = 0V - 6 pF
“Input/Output Capacitance Cro Viyo=0V - 8 pF

Note) This parameter is sampled and not 100% tested.

® AC CHARACTERISTICS {(Vee = 5V+10%, Ta = 0 to +70°C)
® AC TEST CONDITIONS

Input Pulse Levels: 0.8 to 2.4V

Input Rise and Fall Times: 10ns

Input and Qutput Timing Reference Level: 1.5V

Output Load: 1TTL Gate and €. = 100pF {including scope and jig}
® READ CYCLE

HM6264LP-10 HM6264LP-12 HM6264LP-15
ftem Symbol - - - Unit
min max min max min max
Read Cycle Time tRC 100 - 120 - 150 - ns
Address Access Time tAA - 100 - 120 - 150 ns
Csi tcot - 100 - 120 - 150 ns
Chip Selection to Output
Cs2 tcoz - 100 - 120 - 150 ns
Output Enable to Output Valid 10K - 50 - 60 - 70 ns
Chip Selection to Csi Lz 10 - 10 - 15 - ns
Outputin Low Z Cs2 1Lz2 10 - 10 - 15 - ns
Output Enable to Output in Low Z toLz 5 - 5 - N - ns
Chip Deselection to Csi HZ1 0 35 0 40 0 50 ns
Output in High Z &3] tHZ2 [} 35 0 40 0 50 s
Output Disable to Output in High Z 1OHZ 0 35 0 40 0 50 ns
Output Hold from Address Change tOH 10 - 10 - 15 - ns

NOTES: | 157 and top 7 are defined as the time at which the outputs achieve the open circuit condition and are not referred
to output voltage levels.

2 At any given temperature and voltage condition, ryz max is less than t;,z min both for a given device and from
device to device.
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» READ CYCLE

X X
AN FTTT
S AUV
3 VANNNRNRNNNNNNANNARANNNY i LT

NOTE : 1) WE is high for Read Cycle

o WRITE CYCLE

HM62641LP-10 HM6264LP-12 HM6264LP-15
ftem Symbol - - -

min max min max min max
Write Cycle Time twe 100 - 120 - 150 - ns
Chip Selection to End of Write tcw 80 - 85 - 100 - ns
Address Setup Time tASs 0 - 0 - 0 - ns
Address Valid to End of Write tAw 80 - 85 - 100 - ns
Write Pulse Width twp 60 - 70 - 90 - ns
i ¢S1, WE tWR1 5 - s - 10 - ns

Write R y Time

Cs2 IWR2 15 - 15 - 15 - ns
Write to Output in High Z tWHZ 0 35 0 40 [4] 50 ns
Data to Write Time Overlap tDW 40 - 50 - 60 - ns
Data Hold from Write Time IDH 0 - 0 - 0 - ns
OE to Output in High Z t0HZ 0 35 0 40 0 50 ns
Output Active from End of Write tow 5 - 5 - 10 - ns
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© WRITE CYCLE (1) (OE clock)

Address X ). 4

WE \\\&\[1]/ Ay
‘ro,izlsl

Dout > W

Din OON

© WRITE CYCLE (2) (OE Low Fix)

 — L L S -
Addressj X
o AW S LR (4]
i R A T PO
- few(2) ———lIWR2 (4]
cs2 f 4 RN
” 'WRI (4]
o R e W L e

— {51\1» twhz fow-(7]| (8]

Dout

7
Fow-+pH- |[9]
Din

NOTES: 1) A write occurs during the overlap of a low CS1, a high CS2 and a low
WE. A write begins at the latest transition among CS1 going low, C52
going high and WE going low. A write ends at the carliest transtion
among CS1 going high, CS2 going low and WE going high. twp is

d from the beginninng of write to the end of write,
2) tew is measured from the later of CS1 going low or CS2 going high to
the end of write.
3) t4 g is measured from the address valid to the beginning of write.
4) twg is measured from the end of write to the address change.
twr1 applies in case a write ends at CS1 or WE going high.
twR2 applies in case a write ends at CS2 going low.
5) During this period, I/O pins are in the output state, therefore the input
signals of opposite phase to the outputs must not be applied.
6) If CS1 goes low simultaneously with WE going low or after WE going
low, the outputs remain in high impedance state.
7) Dout is the same phase of the latest written data in this write cycle.
8) Dout is the read data of next address.
9) If CSi is low and CS2 is high during this period, 1/O pins are in the
. output state, Therefore, the input signals of opposite phase to the

outputs must not be applied to them.
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® LOW Vo DATA RETENTION CHARACTERISTICS (7, = 0 to +70 °C)

Item Symbol Test Condition min {typ | max : Unit
) Vpri | CS12¥ec-0.2V,C822Vce—0.2Vor CS280.2V | 2.0 | - | - v
Vcc for Data Retention Vora 57503V 30T - v
leepry Vee = 3.0V, CS1T 2Vee - 0.2V, - 1 150% | uA
> - 0.2V <0.2v
Data Retention Current (522 Vec ~02Vors2502
Icepre | Vee=3.0V,C825 02V ~ |1 ]S0% | uA
Chip Deselect to Data Retention _ B
Time fcpR See Retention Waveform 0 ns

Operation Recovery Time tp tre**| — .

ns

* ¥y, min = ~0.3V, 201A max at T;=0~40°C
** tpe = Read Cycle Time

® LOW Vcec DATA RETENTION WAVEFORM (1) (CST Controlied)
Data Retention Mode

CSi2¥Vpe ~ 0.2V

OV - — o e e e e e

® LOW Vcc DATA RETENTION WAVEFORM (2) (CS2 Controlisd)

Data Retention Mode

NOTE: In Data Retention Mode, CS2 controls the Address, WE, TS1, OF and Din
buffer. If CS2 controls data retention mode, Vin for these inputs can be in
the high impedance state. If TS1 controls the data retention mode, CS2
must satisfy either CS2 > Vec—0.2V or CS2 < 0.2V. The other input
levels (address, WE, OF, 1/0) can be in the high impedance state.
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Supply Current Icc; (Normalized) Supply Current Igg, Icc1 (Normalized)

Access Time t4 4, tco (Normatized)

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

Ta=25C

0.8

475 5.0 525

Supply Voltage Vo (V)

SUPPLY CURRENT vs.
FREQUENCY

55

T
200ns 150ns 120ns  100ns.

0.8

? 4 8 0

Frequency (MHz)

ACCESS TIME vs.
SUPPLY VOLTAGE

Ta=25C

[E:] 5.0 5.25

Supply Voltage Voc (V)
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Access Time t4 4, top (Normalized) Supply Current Icc, Iocy (Normalized)

Access Time t4 4, tco (Normalized)

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

Yee=5.0V

0.6

0 2 40 6 8

Ambient Temperature T, °C)

ACCESS TIME vs.
LOAD CAPACITANCE

18

16 /

14 /’

12 /

/

To=25C
Vee =MIN

10

08

0.6 1

10 0 0 W00

Load Capacitance Cy, (pF)

ACCESS TIME vs.
AMBIENT TEMPERATURE

Yee =50V

/

i

¢9

] 2 4 60 ©

Ambient Temperature Ty (°C)




Input Low Voltage Viy may (Normalized)

Output High Current Iog (Normalized)

Standby Current IccpR. Isg;. Igpz (Normalized)

INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE

Ta=257C

5 L8] 50 5.5 55

Supply Voltage Voc (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

Ta=257C
Yec=5V

0.8!

3 4

Output High Voltage Vop (V)

STANDBY CURRENT vs.
AMBIENT TEMPERATURE

L~

P

e

Ambient Temperature T, °C)

20 40 60 LY
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Input High Voltage Vit min (Normalized)

Qutput High Current I (Normalized)

Standby Current IcopR. Igp), Ispg (Normalized)

INPUT HIGH VOLTAGE
vs. SUPPLY VOLTAGE

Ta=25T

08

45 47 5.0

5.28 53

Supply Voltage Voo (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

/

/

0.8

Te=25C
Vee =5V

0.6|

/

y

02 04 08 08

Output Low Voltage Vpr, (V)

STANDBY CURRENT vs.
SUPPLY VOLTAGE

Ta=25'C

/

/

b

]

2

3 4 B 6
Supply Voltage Voe (V)




HN613256P,HN613256FP

32768-word x 8-bit Mask Programmable Read Only Memory
The HN613256P/FP is a mask-programmable, byte-organized memo- HN613256P
ry designed for use in bus-organized system.

To facilitate use, the device operates from a single power supply, has

compatibility with TTL, and requires no clocks nor refreshing

because of static operation.

The active level of the CS and OE input, and the memary content

are defined by the user. The Chip Select input deselects the output

and puts the chip in a power-down mode. (DP-28)
= FEATURES HN613256FP

® Fully Static Operation

® Automatic Power Down

® Single +5V Power Supply

® Three-state Data Output for OR-ties

©® Mask Programmable Chip Select and Output Enable

® TTL Compatible

©® Maximum Access Time: 250ns (FP-54)
® Low Power Standby and Low Power Operation;

» PIN ARRANGEMENT
Standby 5uW (typ.), Operation 50mW (typ.)

t * HNG13256P
® Pin Compatible with EPROM ME
A2
® BLOCK DIAGRAM D
a7
A0~
AT }—Do e
A2—] —D1 (%03
A Memory 3-State D2 N
ﬁs: Matrix Output | Da A0
AT Address 132,768 %8 Buffer — e
o Decoder > 57 A .C
A9—] ofi
A10—] .
A1l
A12] o,(i3
Al13 vas[i]
Al14—{ - N
+CS—Pr 3 (Top View)
*OF ; - # Active level can be defined by the customer.
* Active level defined by the user. | HNG13256FP

® ABSOLUTE MAXIMUM RATINGS

Ttem Symbol Value Unit
Supply Voltage* Vee —0.3 to +7.0 v
Input Voltage* Vin ~0.3 to +7.0 \
Operating Temperature Range Topr —-20to +75 °C
Storage Temperature Range Tatg 55 to +125 °C
Storage Temperature Range (Under Bias) | Toias | —20to +85 °C

*With respect to Vss
W RECOMMENDED DC OPERATING CONDITIONS

item Symbol min, typ. max. Unit
Supply Voltage* Vee 4.5 5.0 55 A _
toput Voltage® Vie 0.3 p 0.8 v
Vi 22 - Vee A # Active level can be defined by the customer.
Operating Temperature Tore —20 - 75 c

* With respect to Vis.
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M ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage* Ve —0.3~+7.0 v
Input Voltage® V. ~0.3~+7.0 v
Operating Temperature Range Tope 0~+75 T
Storage Temperature Range Tue — 55~ +125 c
Bias Storage Tempersture Range Toies —20~+85 ‘c

Note | # Referenced to Vis.

HELECTRICAL CHARACTERISTICS
(Vec=5V+10%, Vss=0V, Ta=0~+75'C)

Item Symbol Test Condition min typ** max Unit
Input “High" Level Voltage Viw 2.4 - Vee v
Input “Low” Level Voltage Vie 0 - 0.8 v
Output "High™ Level Voltage Vo Tow=—1001A 2.4 - - v
Output “Low” Level Voltage Vo Jor=1.6mA - - 0.4 v
Input Leakage Current 1. Vie=0~5.5V - - 2.5 HA
Output “High” Level Leakage Current Teon CE-0.8V Vi =2.4V - - 5 HA
Output “Low” Level Leakage Current Lo CE~2.4V Vi =0.4V - - 5 HA
X Vec=0 gV, = 1 A
R S e et Ll W e 8
Input Capacitance C. Vim0V, f= I1MHz, Tam25°C - - 10 »F
Output Capacitance G.. - - 12.8 oF
® Steady state current  »e Vec=5V, Ti=25C
B AC OPERATING CONDITION AND CHARACTERISTICS
O READ SEQUENCE (Vec=5V+10%, Vss=0V, Ta=0~+75'C, t,~t,=20ns)
Item Symbol min max Unit
Read Cycle Time tac 4.0 - Hs
Address Access Time Laace - 3.5 Hs
Chip Enable Access Time teace - 3.0 Hs
Data Hold Time from Address tor 0.05 0.5 3
Address Set-up Time Las 0.5 - s
Address Hold Time Ly 0 - Hs
Chip Enable ON Time tor 3.0 — Hs
Chip Enable OFF Time 13 0.5 - Hs
b = ® AC TEST LOAD
rddrene mw T uv}@@ sovikee)
<s 08V 4 28V Re=2 448
! [l Yot tax
ns} i 2 ) : teg _{ Test point
& M 30pF e
( 08V 0.8V ¢
! I.‘.._“_“.‘_J' :,.’fa

| faace
ot

L—
24V HI Z
._________<g gg)d Dout Valid D e
Doat gy e Vaki Notes © 1.1, =t ~20ns.

2.C. includes jig capacitance.

3.AL diodes are 1S20T4®.
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® ELECTRICAL CHARACTERISTICS (Voc = 5.0VE10%, Vg = OV, T, = —20 ~ 475 °C)

Item Symbol Test Condition min ty{) max | Unit
Vin 221 - (Vec| ¥
Input Voltage 7 o3[ " o8 | ¥
Vv, =_-205 uA 41 - | - v
Output Voltage OH fon=-205p 24
VoL Iop=3.2mA - |- |04 v
Input Leakage Current Iin Vin=0~5.5V - |~ |25} uA
I oH P [ Vout = 2.4V - |-1101] sA
Output Leakage Current CS=0.8V,CS =22V
utpus age Curren Troz [ Vour= 04V — — TRETY
i . Vee =55V, I, = 0mA, tpe = min, duty = 100%.{ -
Supply Current LActwe Ioe cc out = OMA, tgc = min, duty 10} 30 | mA
[ Standby Igp Vee=5.5V,C8 2 Voo - 0.2V,CS S 0.2V - 1] 30 | uA
Input Capacitance Cin o - {~ 1| 10| pF
Vin=0V,f=1MHz, To=
Output Capacitance Cout in=OV.f a=257C ~ =T 157 pF
* Steady state current
** Vee=5V, Ty=25°C
® RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE)
(Vec=5V+10%, Vss=0V, Ta=—20~+75°C, t.= t;=20ns)
Item ISymbol min max Unit
Read Cycle Time tRC 200 - ns
Address Access Time tAA - 200 ns
Chip Select Access Time 1ACS - 200 ns
Chip Selection to Output in Low Z terLz 10 - ns
Output Enable to Output Valid tOE - 100 ns
Output Enable to Output in Low Z toLZ 10 - ns
Chip Deselection to Output in High Z ICHZ 0 100 ns
Chip Disable to Output in High Z tOHZ 0 100 ns
Output Hold from Address Change tOH 10 - ns
= TIMING WAVEFORM
o READ CYCLE (1)
Address D( b 4 ¢ AC TEST LOAD
— 4 SOVt
GE b . 0NN, i '
ou fon S he2ag
Dout ______2@- oF e
¢ READ CYCLE (2) (Notes 1, 3) T
Address =2 =
- S— =
O p—— — -
X Notes 1. t.w t; = 208
Dout " 2. Cy includes jig capacitance
® READ CYCLE (3) (Notes 2, 3) 3. All diodes are 1S2OMD
STy NOTES:
= . 1. Device is continuocusly selected.
P o 2. Address Valid prior to or coinci-
dent with C8 transition low.
Dout: )—_ . OE= Vi
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HNG61364P,HN61364FP

8192-word x 8-bit Mask Programmable Read Only Memory HN61364P

The HN61364P/FP is a mask-programmable, byte-organized memory
designed for use in bus-organized systems.

To facilitate use, the device operates from a single power supply, has
compatibility with TTL, and requires no clocks or refreshing because of
static operation.

The active level of the CS, OE, ~ OE, inputs and the memory content
are defined by the user, The Chip Select input deselects the output and
puts the chip in a powerdown mode.

® FEATURES

(DP-28)

® Fully Static Operation HN61364FP

® Automatic Power Down

® Single +5V Power Supply

® Three-state Data Output for OR-ties

® Mask Programmable Chip Select and Output Enable

® TTL Compatible

@ Maximum Access Time; 250ns

® Low Power Standby and Low Power Operation; Standby SuW (typ),
Operation 50mW (typ)

(FP-54)

® Pin Compatible with EPROM

® PIN ARRANGEMENT

s BLOCK DIAGRAM ® HN61364P
— )
= - = nefi] [V ee
A3— emory IStare — .
— x utput [— A2 27
A e | [ = e R v [FloE,
= Decoder =4 A[3] 760, *
AR~y f—
oy Ag E z] Ay
Al
mL NG
I - AdfE 3)A
R @ Active level defined by the wser. ] [z
As[T7] [32]0E,*
= ABSOLUTE MAXIMUM RATINGS Aq[8] (21} A0
Item Symbol Value Unit A 5] 20)cs*
Supply Voltage* Vee ~03t0 +1.0 v Aol (9D,
Input Voltage* Vi ~0.3t0 +7.0 v Do{‘j 118D
Operating Temperature Topr ~20to +75 °C D3 7o,
Storage Temperature Ty ~55 to +125 :C Dy [13] [16] D4
Bias Storage Temperature Thias -20to +85 C Ves [ D,
* with respect to Vgg o View
‘op View,
8 RECOMMENDED DC OPERATING CONDITIONS
Item Symbol min typ max Unit ® HNB1364FP
Supply Voltage » Vee 4.5 5.0 5.5 v
Vv -03 - 0.8 v
. IL
Input Voitage /™ 22 — Voo v
Operating Temperature | 1 opr -20 - 75 °C

* with respect to Vs
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® ELECTRICAL CHARACTERISTICS (Voo = 5v+10%, Vgs =0V, T, = —20 to +75°C

Item Symbol Test Condition min | typ** | max Unit

Input High-level Voltage Vin 2.2 - Vee N
Input Low-level Voltage Vio -0.3 - 0.8 v
Output High-level Voltage Vor |lou=—2055A 24| - z v
Output Low-level Voltage Vor |loL=3.2mA - - 0.4 v
Input Leakage Current I Vin=0to 5.5V - ~ 2.5 A
Output Highllevel Leakage Current | I,z | Vour=2.4V, CS=0.8V, C8=2.2V = z 10 | wA
Output Low-level Leakage Current | 1707 | Vout=04V, C5=0.8V, C8=2.2V - - 10 | A
Supply Current ] Active Toc * | V=55V, lou=DmA, ve=mn, duty=100% - 10 25 mA
| Standby Isg | Vee=5.5V, CS2Vc-0.2V, CS50.2V - 1 30 | kA

Input Capacitance [« N - - 10 F
Output Capacitance C:,r:., Vin=0V, 1Mz, To=25°C Z Z 1s :F

* Steady state current  ** Ve =5V, T, = 25°C

s RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE)
(Vee=5V+10%, Vss=0V, Ta=—20 to +75°C, t,=1t,=20ns)

Item Symbol min max Unit
Read Cycle Time tre 250 - ns
Address Access Time [ - 250 ns
Chip Select Access Time tacs - 250 ns e AC TEST LOAD
Chip Selection to Output in Low Z Ierz 10 - ns
Output Enable to Output Valid toE - 100 ns SOV tFewy
Output Enable to Output in Low Z oLz 10 - ns : ce
Chip Deselection to Output in High Z teuz 0 100 ns Ry =24kn
Chip Disable to Output in High Z tonz 0 100 ns Test Point
Output Hold from Address Change ton 10 — ns 1 30pk 1ea

® TIMING WAVEFORM
e Read Cycle (1) o

k iRC
!

Address * X Notes) 1. f,= ty=20ns

2. C. includes jig capacitance.

b o LA —
. P 3. All diodes are 1S20M4®.
CANNNNNNN 77777

i
~A O ]
SANNY oL X7 NOTES:
1 Tac i ,._710111 . Device is continuousty selected.
| S g == ICHE . Address Vaild prior to or coincident
Doyt LY with TS transition low.

.OE=Vy

. Input puise levei: 0.8 to 2.4V

. input and output reference level:
1.5v

NE W N

e Read Cycle {2) Notes 1,3

Address X
S -
----- fon 2L, iy = loH —t
Dout XXX

o Read Cycie (3) Notes 2,3
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MOTOROLA

MC14412

UNIVERSAL LOW SPEED MODEM (0-600 bps)

The MC14412 contains a complete FSK {Frequency-Shift Keying}
modulator and demodulator compatible with both foreign (C.C.1.T.T
standards) and U.S.A. low speed {0 to 600 (bps} communication net-
works.

® On-Chip Crystal Oscillator with External Crystal

® Echo Suppressor Disable Tone Generator

® Originate and Answer Modes

® Simplex, Hatt-Duplex, and Full-Dupiex Operation

® On-Chip Sine Wave Generator

® Modem Self Test Mode

® Singie Supply
Vpp=4.75 to 15 Vdc MC14412FF, MC14412 FL
Vpp=4.75 10 6.0 Vdc MC14412VP, MC14412VL

® Selectable Data Rates: 0-300, 0-600 bps

® Post Detection Filter

® TTL or CMOS Compatible Inputs and Outputs

CMOS LSi

(LOWPOWER COMPLEMENTARY MOS)

UNIVERSAL LOW SPEED
(0-600 bps)
MODEM

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648
ORDERING INFORMATION

MC144xX Suffix  Denotes
E L Ceramic Package
P Plastic Package
F 47510 15 Vdc

V 475 t0 6.0 Vde

BLOCK DIAGRAM

Oscour 3 1 MHz
Oscin 40 Osciliator

Clock 250 kHz
Divider

15 :5 & :3 d Sine Wave Transmit Carrier
*—-ﬂ'—p’—["—ﬂ 7 Stage 9
Teamamit "‘l Frequency Generator {(FSK Qutput)
Enable 120~ Counter
Trgnsrmt oS ; -
ata -
Mode 100 Modulator
ode Frequency Voo
Type 14 l ,—N Decoder
Echo 130 ]
TTL Pull Up 150
Oisable
y 1 Receive
VDD*Q r I Carrier
Receive Data Rate Data Rate Demodulator Level
eceive Data Rate Generator Counter 7] S;Z?;
Vop
91 | -1
Reset 5 04— Buffered Post- Demodulator
Receive Data 7O Output Detection Decoder
Voo Register Fiter
‘qr X T Vpp = Pin 16
F Vgg=Pin8
Self Test 20
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MC14412

ELECTRICAL CHARACTERISTICS

- Voo** ~40°C +26°C T86°C )
Crarscteristic | Symbol| . Wi Max Min Tve M Min wax | U™
Output Voltage Pin 7 Oniy 50 - 005 - o 0.05 0.0
“0” Level | Vo 10 - 0.0 - 0 0.05 - 0.05 v
Vin=Vpp of 0 15 ~ 0.05 - 0 0.05 - 005
TV Level 5.0 4.95 - 495 50 - 4.95 -
Vin=00r Vpp Vo 10 9.95 - 9.95 10 - 9.% - v
15 14.95 - 14.95 15 - 14.85 -
input Voltage®
"0 Level
Vg=450r05V) ViL 50 - 15 - 225 156 16 v
tVg=900r 1.0V} 10 - 30 - 450 30 - 3.0
Vg=1350r15V) 15 - 4.0 - 8.75 4.0 4.0
“1" Level
Pin 15 510 15| Vpp-075 - Vpp-08 |vpp-2 - Vpp - 0.85 -
(Vg=050r45V) 50 38 - 38 275 - 35
Vp=100r9.0 Vi ViH 10 7.0 - 70 5650 - 70 - v
Vo=150r 135 V) 15 n.o — 1.0 8.25 — 1o -
Qutput Drive Current
Pin 7 Only
VoM =2.5) le]3] 5 -062 - -05 -15 - -0.35 - mA
(Vo =956 10 -0.62 - ~-05 =~1.0 - ~03b B
Vou =135 15 ~18 — -15 -36 - -1 -
VoL=04) 475 23 - 20 40 - 6 -
VoL=05) 1oL 10 5.3 - 45 10 - 36 mA
VoL =15 15 15 - 13 3% - 10 -
'"‘(’:fnc“gf:,‘m) fin - - - - r00000y  £01 A
Input Puil-Up Resistor
Source Current
(Pin 15=Vgg,
Vin=24 Vdc) Ip 5 285 - 260 460 - 2085 . uA
Pins 1,2, 5,6, 10 11
12,13, 14
input Capacitance Cin - - - - 5.0 - - pF
Total Supply Current 5 - 45 - 11 40 35
Pin 15=Vpp) it 10 - 13 - 4.0 12 1 mA
15 - 27 - 80 25 - 23
Modulator/ Demodulator
Frequency ACC | 51015 05 - - - %
Accuracy
(Excluding Crystal
Transmit Carrer Quiput 5 - 20 ~26 - -
2ng Harmomic Vo | g - - » % - d8
Transmit Carner Output 5 - 02 030 - - -
Voltage (R =100 k) | Vouy 10 05 085 - - - | Vams
Pin @ 15 - - 10 18 - = -
Maximum Receve 5 - 15 - - 15 - 15
Carnier Rise and Fail ot 10 50 - 5.0 - 50 #s
Times (Pin 1) 1% - 40 E - a0 - 40
Mi:;rgx;nngscma(or o 5 _ - 1.2 5 - - - MHz
Mar‘r;:r:n Clock Pulse w 5 _ _ 50 350 N _ ns

*DC Noise immunity (Vi , Vi) is defined as the maximum voltage change from an deat “0' or 1" input level, that the circunt will withstand
before accepting an erroneous input
“*Note Only 5 Volt specitications apply to MC14412VP devices
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MC14412

MAXIMUM RATINGS (Voltages referenced to Vg3, Pin 8)

This device contains circuitry to protect the

Rating Symbol Unit inputs against damage due to high static

voltages or electric fieids; however, it is ad-

Diﬂsclfz‘)vz:gu:%es VoD 051015 v vised that normal precautions be taken to

MCMMZVP' Vi 051060 avoid application of any voltage higher than

. rated voitages to this high im-

Input Voltages, Alf inputs Vin VDo +05 to v pedance circuit. For proper operation it is

Vgg-0% that Vi and Vgut be con-

DC Current Drain per Pin (except Pin 8, 7) [ mA strained 10 the range VggsiVin or

VoutlsV

DE Current Oran [Pin 8. 71 ! A o\‘j:\usedogputs must always be tied to an

Operating Temperature Range Ta - 40 10 +85 °C logic voltage level {e.g., either
Storage Temperature Range Ts‘g —651t0 +150 °C Vgs or Vppo!

PIN ASSIGNMENT

BT Enable
B Tx Data
i Mode

B tx Car

DEVICE OPERATION

GENERAL

Figure 1 shows the modem in 3 system application. The
data to be transmitted is presented in serial format to the
modutator for conversion to FSK signais for transmission
over the telephone network. The moduiator output is buf-
fered/ampiified before driving the 600 ohm telephone line

The FSK signal from the remote modem is received via the
telephone line and filtered to remove extraneous signals such
as the locat Transmit Carrier. This filtering can be either a
bandpass which passes only the desired band of frequencies
or a notch which rejects the known interfering signal. The
desired signal is then fimited to preserve the axis crossings
and fed to the demodulator where the data is recovered from
the received FSK carrier.

INPUT/OUTPUT FUNCTIONS
Figure 2 shows the I/0 interface tor the MC14412 low-
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speed modem. The following is a description of each in-
dividual signat.

TYPE (Pin 14)

The Type input selects either the U.S. or C.C.L.T.T. opera-
tional frequencies for both transmitting and receiving data
When the Type input="" the U.S. standard is selected
and when the Type input="0", the C.C.1.T.T. standard is
selected.

TRANSMIT DATA {Tx Data, Pin 11)

Transmit Data is the binary information input. Data
entered for transmission is modulated using FSK techniques.
When operating in the U.$. standard {Type="1") a logic
“1" input level represents a Mark or when operating in the
CCITT standard {Type="0") a logic "1 input level
represents a Mark



MC14412

FIGURE 1 — TYPICAL LOW-SPEED MODEM APPLICATION

PTransm«; Data —
araliel Format Data Flow
r 1 -
Terminal | Tx Data | Modulator I Butte ol L Teleprone
i uplexer i
Transmitter \1' lg Tar P Network
| MC14412 | FSK
| | Formnat
Terminal Rx Data l Demod [ BaFn:‘Z?ss
lemodulator
Receiver 7 I 1+ Car and Limniter”
Recewve Data
Parallel Format
Since the modulator and demodulator sections of the MC14412 are
tunctionally equivalent to those of the MCE860, additional application
information can be obtained from the following Motorola pubhca
nons
AN-731  Low-speed Modem Fundamentals
AN-747  Low-speed Modem System Design Using the MC6860
£8-48 Apptication Performance of the MCB860 MODEM
FIGURE 2 — MC14412 INPUT/OUTPUT SIGNALS
1.0 MHz
*CRYSTAL SPECIFICATION Crystal
Crystal Mode — Paraliel
Frequency TMHz +0.1%
Rg =540 1 vp
Co=7 pF typ e
Temperature Range —40°C to +85°C 4 3
Test Level — 1 mW e v
Suggested Crystal Supplers Y SCout
Tyco, CTS Knght and 121, Tx Car 12
B e P —
Motorola Crystal Products 1l X ar Moduiator
e Rt £ CDVO
Re =15 mil + 20% w""“ —————
To _>_-M Mode To
Data Terminai{  ——w——m{ Type Control Telephone
Equipment N 1) PR Network
——)——2- ST
ax Data 1
— -
& Rx Car p——-t-me Demoduiator
-——*———5' Ra Data Rate
e e RSt
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MC14412

TRANSMIT CARRIER (Tx Car, Pin 9}

The Transmit Carrier is a digital-synthesized sine wave
derived from a 1.0 MHz oscifiator reference. The Tx CAR has
an AC output impedance of 5 k@ typical. The frequency
characteristics are as follows

United States Standard

Type="1"
Echo="0"

Mode Tx Data Tx Car
Orniginate “" Mark . 1270 Hz
Originate Space 1070 Hz
Answer Mark s 2225 Hz
Answer 'S Space 'S 2025 Hz

C.C1TT Standard
Type="0"
Echo="0"

Mode Tx Data Tx Car

Channel 1 Mark ’1” 980 Hz
No. 1 “ Space o 1180 Hz
Channel Mark '1” 1650 Hz
No. 2 Space o 1850 Hz
Echo Suppressor Disable Tone
Type="0"
Echo="1"
Mode ] Tx Data I Tx Car I
[ Chan. No. 2 OI e 2100 Hz I

TRANSMIT ENABLE (Tx Enable, Pin 12)

The Transmit Carner output is enabled when the Tx
Enable input 1. No output tone can be transmitted when
Tx Enable="0"

MODE {Pin 10)

The Mode input selects the paw of transmitting and
receive frequencies used during modulation and demodula-
ton. When Mode="1", the U.S. originate mode is selected
{Type input=""1") or the C.C.1.T.T. Channei No. 1 {Type in-
put="0"}. When mode="0", the U.S. answer mode is
selected {Type input="1") or the C.C.I.T.T. Channel No. 2
(Type input="'0"})

ECHO {Pin 13)

When the Echo input="1" (Type="0", Mode="0", Tx
Data="1"} the modulator will transmit a 2100 Hz tone for

disabling line echo suppressors. During normal data
transmission, this input should be low="0"

RECEIVE DATA (Rx Dsta, Pin 7)

The Receive Data output is the digital data resulting from
demodulating the Receive Carrier
RECEIVE CARRIER (Rx Car, Pin 1}

The Receive Carrier is the FSK input to the demodulator
This input must have either a CMOS or TTL compatible logic
fevel input (see TTL puil-up disable) at a duty cycle of 50%
+2%, that is a square wave fresulting from a signal limiter.

RECEIVE DATA RATE {Rx Rate, Pin 6)

The demodulator has been optimized for signal to noise
performance at 300, and 600 bps.

Data Rate Rx Rate
0-300 bps .
0-600 bps o

SELF TEST (ST, Pin 2}

When a high level (ST=""1"} is placed on this input, the
demodulator is switched to the modulator frequency and
demodulates the transmitted FSK signal

RESET {Pin 5)

This input is provided to decrease the test time of the chip
{n normal operation, this input may be used to disable the
demodulator {Reset="1"1 — otherwise 1t shouid be tied
low="0". The reset pin does not reset Rx data pin 7.

CRYSTAL (Oscijn, Oscout. Pin 4, Pin 3, respectively)

A 1.0 MHz crystal is required to utilize the on chip
oscillator. A 1.0 MHz square wave clock can also be applied
to the Oscin input to satisfy the clock requirement (see
Figure 2},

When utilizing the 1.0 MHz crystal, external parasitic
capacitance, including crystal shunt capacitance, must be
< 9 pF at the crystal input {pin 4). Pin 4 is capable of driving
only one CMOS input

TTL PULL-UP DISABLE (TTLD, Pin 15)

To improve TTL interface compatibility, all of the inputs to
the MODEM have controllable P-Channel devices which act
as pull-up resistors when TTLD input is low ("0} When the
input 1s taken high {"1”") the pull-up is disabled, thus reduc-
ing power dissipation when interfacing with CMOS. Pin 15
shouid be taken high ("1} with Vpp greater than 6 volts

FIGURE 3 — M6B00 MICROCOMPUTER FAMILY BLOCK DIAGRAM

€550

Read Only
4 Memory

Random
Access
Memory

Interface
Adapter

Ji

MC14412
Modem

ACIA

Address Data
Bus  Bus
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MC14412

FIGURE 4 — TRANSMIT CARRIER SINEWAVE

A< 100 Vpp=5Y TeCar)

Time

FIGURE 5 - TYPICAL TRANSMIT CARRIER FREQUENCY SPECTRUM

Gain (B

Frequency

Harmanic
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Specifications of RP5CO01

Outline:

The RP5C0]l is a real-time clock
that can be connected directly to
the bus of microprocessors using
the 8085A, 280, 6809, 6502 or other
CPU. Time can then be written to
or read from the clock in the same
way as writing to or reading from
RAM. As well as calendar and time
counters and alarm function, the
RP5C01 has a 26 x 4-bit RAM,
allowing battery backup. It can

therefore be used as a non-volatile

¢s (1)
cs [2]
apg [3]
a0 [4]
a1 [5]
a2 [6]
a3 [7)
rD [B]
anp [2]

10064dd

Z@vcc
L7 oscout
1§ oscIN
15 ALARH
4 b3
3 p2
i3 o1
13 po
[0 wr

RAM.

Features:

* Direct connection to CPU

* 4-bit bidirectional bus D0-D3
* 4-bit address inputs A0-A3

* Internal counters for time (hours, min., sec.} and date

years, leap years, months, days, and
* Choice of 24~hour or 12-hour (AM/PM)
* All clock data expressed in BCD code
+30 sec. adjustment function
* Provision for battery backup
* Internal 26 x 4-bit RAM
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Terminal connection diagram

Block diagram

OSCIN
©SCouT!

1Hz, 16Hz

0sC 1/215

T-RESET

RO WR_MODE 0111 ]

(sa(s3(s4/s5(s6(s51/s8
BICICREIRIE

LARM REGISTER

i

CONTROLLER

ALARM ALARM | KIRRE
OUTPUT
RD.WR. MODE10
II H I{ I —
z 55
CLOCKL L1 Hssconns|mnutes| sours | § | oass | wostws | veans |32
HOLD = i &
s ¢ v 1
inmiBiRARRREEINI [11
ADJ 50151ls:ls:lsiisslsslmlss E
vorp|| <11 3 o 2t 3t e 2 4

&sc
IR

1)

ADDRESS
DECODER

BUS
CORTROL

5F

71

i
0. DL, 02.D3

AG. AL AZ. A}

50-8C

26X48 1T
RAM
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Absolute max. ratings

Symbol Item Conditions Values Units

vcec Supply voltage -0.3 - 7 v

V1 Input voltage Voltage at any pin -0.3 - 7 A

with respect to GND
Vo Output voltage -0.3 - 7 \
‘ Pd Max. power com- Ta=25°C 700 mW

sumption

Topg Under bias 0 - 70 °eC

Tstg Storage -40 - 125 °C
temperature

Recommended operating conditions (Ta=0 - 70°C unless otherwise

specified)

Symbol Item Values Units
Min TYP Max.
vee Supply voltage 4.5 5 5.5 A
Vpy Data preservation voltage 2.2 5.5 \
fxT Oscillation frequency of 32.768 kHz
crystal oscillator
DC electrical characteristics
Ta=0 - 70°C, Vcc=5V #10% unless otherwise specified.
Symbol Item Measurement Values
conditions Min. TYP Max. Units
’ VIiH "H" input voltage 2.0 vee v
VIL "L" input voltage -0.3 0.8 \
VOH "H" output voltage IoH=-400pA 2.4 v
VoL "L" output voltage IoL=2mA 0.4 \
I Input current vi=0 ~ 5.5V +10 uA
Ioz Output leakage +10 uA7“
current
Iccy Vcc power supply £XT=32.768kHz 15 uA
current Vee=2.2V
Iccy | Vcc power supply fx1=32.786kHz 250 nA
current Vee=5,0V (Note 2) B
‘Egie 1: current towards IC is considered positive (no sign)

Note 2: When connected to CPU (read/write cycle 10ps)
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AC electrical characteristics
{Ta=0 =~ ?D“C, Ucc SV ia% un]ess Dthcrwxse specified)

*Refoer to the timing chart of page 51

tDats
fﬁﬁ leading edge ;

to

C-60

check the

symbols.

Symbol i Measurement  values
; conditions Max.
LA Address ED/WE delay ns
I, time . e e .
teo  RD/WR pulse width 400 10000 | ns
o PY T —— tiagnéi;. .”_m.m._..““ v -
ter RO/WR leading edge :
%ﬁh Data delay time sfter 400 ns
EDG tra111ng edgc
migpﬂm” B e - -
" RT leading edge B
LW, Data delay time after 40 ns
Wh trailing edge
WD Date hold time after 20
I WR ieading edge |
AC electrical rharacter:stlcs are as foliows when Vooshv o +14%.
'éﬁﬁﬂbl Measurewent values K
S | i tions IR
tac A.(.it.i.;.;e.:.;s. RD/WE delay
| time
te RO/WE pulse width 450
{tCca | address valid time af- 10
;_ ter #D/WE leading edge :
EfRB  Pata delay time after ! 4400 ns
AD trailing edge . S
tROH Data hold time atter E o né_7
) A0 leading edge A _
Wi, Data delay time after 40% ns ;
W trailing edge |
WD hold time atter 20 | i ns
|




Functioen of pins

Name of pin | No. of pin

Function

TS. 8 1,z

External interface terminals, valid
when % = H and 05 = L. % 1s can-
nected to the power—down detector of
the peripheral circuitry and {5 to a

CFU address decoder.

ADJ 3

adiustmen

Address terminals.

For easy adjustment of the tecond
counter without connection to a CPU.
1f ADJ is set to high when the second
counter registers 0 - 29, the seconds

are set to O, and if ADJ is set to

high when the second counter registers
3{ -~ 5%, the seconds are set to 0 and
the minutes are incremented. This ter-
minal is designed not for edge detection
but for lewvel detection. & minimum of IGD

psec. is reguired for high-level

Connected to

address bus of {PO.

1/0 control terminal. Low when Rﬁééﬁi“

is read by CPU.

Bidirectional data bus.
data bus of CPU.

av

1/% contrel terminal. TLow when RPSCGI

is written by CPU.

Connected to

For cutput of alarm sigral oar 16Hz?lﬁz

clock signals. Open-drain ocutput.

For connecticn to 32, 768kHz crystal

ascillator circuit,

+5ﬁ poﬁer supply terminal
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'A3 - Aa] Contents

l-see counter

2 i-min oounter
. X .

l~hour counter

a
1 ) 1G~sec counter - ®
2

3

4

5 1G-hour counter (Note 2}. . X
. T SR sl

7

Bay—oci-the-week counter LSS SR SO
; l-day counfe :

P 10-day counter X %

I-menth counter

9
A i LO-month counter

[z} !l—year Coln ber
C

C lG~year counter ;. :. i "m.|

i MODE Register | Timer EN Alarm EN MODE selector
' oM T e

Test 1 E.“Tést ¥

mfnReqiste:

Timer | Alarm
RESEYT RESTT

r | RESET Controller 7

X indicates that the counter may take any value diring write operations,
but alwaye be 0 when read out.

[Note 1) MODE 00 is set by writing data (X,%X,0,0) to address D.
{Hote 21 Bit 1 of the 10-hour rourter showld be as follows when
the 12-hour sysiem 3 zelacted:
ni = 1 (PM)
Dl = O (aM)
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MOBE MODE 91
A3-Ap . Contents I3 D2 D1 T
x X X ' x
" .x" 'km -
?m 3 Alarm 10-min register X :
P4 Alarm l-hour register o .?
5 Thlarm 1o-hour register x
?——g——‘—;T;;% ...... agywof~the~ﬁéei
T reglster I
7 Alarm l-day reg;ster.“m o
- " S N _ﬁ
X x 3 X
A 12 88uE/24-hour x x x
szlector
......... gmm..ié;b;;;;r coﬁnfer : -
. i - . R
Tiﬁér "Alarm . MODE selector
g Tent Register test 3 |Test 2 Test 1 Test 0]
F Resei Contvoller TﬁE..”” .6Hz . Timer Alarm
Ok OR RESET RESET
{Note 1} MODE 1 is set by writing

data {X,%,0,1]

to address D.
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Address allocation of MODE 10 and 11 (Note 1}

wopE [ MODE 10 (RAM) MoDE 11 TRAM}
[a3-a1 | contents ‘contents 7 T
- S e _
_.....l
.z | block 10 block 11
i
ey
5 4 bit 4 bit
e )
ERREE 13
el
T8 Ram RAM
- A
o
......... —
oo Tiﬁér Alarmg Moﬁé.selector.m“. Timer ! Alarm MébE selector
oy en T e - e o s
i E Test Test Test Test . Test ; Test & Test | Test
) 2 1 ] 3 2 1 4
; Teiz :I'.irn.nrE Alarm Bz TéHs | Timer | alarm
L jowm oi RESETi RESET oig o RESET | RESET

{Bote ') MODE 1D is set to by writing data {%,%,3,0)
to address D.
MODE 11 is set by writing data (¥,%,1,1} to
adéress D. (MODE 10 and 11 are in RAM areas)
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* Mode register (A3,A2,A1,AD) = {(1,1,0,1) = D

k] Dz Bl oo
Timer Alarm
EN EN M1 ni
. Q ¢ MODE 00: setting or reading time
0 i MODE Dl: setting or reading of Alarm
data, 12724 hour system, or
leap year
I 4} Writing to or reading Bilock 10 in RAM
1 1 Writing to or reading Block 11 in RAM

borim e -#Eet 1 to enable alarm output.
Set 0 to disable alarm output (16Hz/
18z clock signals not affected)

et 1 to start clock. Set 0 to stop

seconds and subsequent counters.

* The leap-year counter reglsters a leap year when D1 = b0 = 0O,
It simultaneously counts with the year counter,
* The TZ-hour/24-hour selector sets the }2-hour system when
0 = 0 and the 24-hour system when DO=I. PM or AM is selected
. when Il in the l0-hour counter is 1 or §, respectively (see page 471,
* heset controller 16Hz/1Hz clock register.
(A3,A2,AL,BD) = (1,1,1,1} = F

P = 1: resets all alarm registers and internal alarm F/Fs.

Xl = 1: resets the lh-stage dividers before the seconds reqister.
R = 8; switches on the 18Hz clock pulse generated from the
3 = 0 switches on the 1Hz clock pulse generated from the
ELARM terminal.
* Addresses {O~-D: able to read and write,
* mddresses E——F: only able to write and 0H always appears

when read out.
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Timing chart

WRITE CYCLE (C5 = "H")

ce tCA //- IIIII T

{Note 1) ]
AD-=A3 X X
- WD
DO=-D3 '_'"_—< e —
- 2T
WER
[Note 1)

{Note 1) tThe RPSC0] accepts & WR signal when both CE = low and C§
= high. The timing of T8 i= not specified, hut hecause
of the construction of the RPSCOY, the WR signal in the
above diamgram should be taken as the C5-C%.WR signal.
{For details, see the block diagram of the RPSC0I or

Section 4 of these Appiication Notes.)

READ CYCLE (C8 = "H")

:Néj_f;e 2} \ ECA f
Al-—A3 g

Dy——L:3

R
(Wate Z}

(Note 2) The RP5CGL accepts an BD signal when both CX = low and
s = high, in the same way as for a WE sigrnal. The Jb
signal in the above diagram should therefore be taken as
the 05.75.RD sigral in the same way as Lhe WE signal.
{For details, see the block diagram of the RRPSHCDL or

section 4 of these Application Notes.)
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Application Notes

{1) Dscillator circuit

{1-1} When constructing the ovscillator circuit wsing a crystal

ascill ator.

The oscillateor circuit should be constructed as shown in Fig. 1.
External components needed are a resistor, a condenser, and a
trimmer condenser for Fine adjustment of the Fregquency. The
ascillation frequency should he adjusted by alterving the value of
the trimmer condenser using the standard 16Hz or 1Hz clock signsl
When adjusting with the l8H2z signal:

Bddress: (A3, A2, a81,A0) = (},1,1,1)

Data: {1,0,0,0)
When adjusting with the 1Hz signal:

Address: [A3,A2,AL,A0) = {1,1,},1)

bata: {(0,},0,0}

O8CIN
1

C} = lOPF-~3GPFr
C2 = 30PFY (yope 3]
R = I00DkRD

e Crystal oscillator: nNihon
WV i
WY RPSCDL Denpe Kodyo MX3ET
{bote 3) ’
Fig. %

{Note 3) Diftferent values of Cl, €2, and R may be uvsed, and the
crystal oscillator is not definitely specified. The values of
Cl, €2, and R noted shove are the best wvalues tor the MX3IET

agseillator used in the measurements carried out by Ricoh.
A bypass condenser set between pin 17 and GND is sometimes

effective for external noise. Its value should be less than 60
PFr according to the measurements. For details, see Section 1

of these Application Notes,
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{1-2) When using an external clock

When an external clock is used, the arrangement shown in Figs,
2-f{a} and d-{b) below should be adopted., The OSCIN terminsl is
not TTL-compatible but CMOS~-compatibie.

1) With CMOS inverter

OSCEN ;o

320 THBREZ ] 20— o T
{05COUT
CMOS i

MC40630U8 |
e BRPSCDE
Fig. 2-{a}

2} With TTL inverter
‘. QSCIN
T e A -

Rp >
o 6 8kHE e 14] - '
32.768kHz — l/>0' o L)o I L T
| :

A
/‘  OSCOUT
i

TTL
(741504) S— .

Fig. 2-{b}
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{2) Imput/omtput terminals and chip selection terminals

(2-1}Input/output terminals

Pull-up {4.7-47kt) or pull-down {100-3{0kR} resistors should he
installed to fix the potentials of the I/0 terminals during bat-
Lery backup, (Ses Note 4 on page 55.1}

I'm power
supply circuit

£
1| 30AD3  osCIN E{,»i

TOa5d9

Two ok eiect tevminals arve provided, The O3

sy ) o connested Lo Lhe

pr=down e Lecfion and the

Loothe CRI, 05 ds active whon hich and O s acoive
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[Hote 4]
The valuees of the pull-up and pull-down resistors need not
necessarily be those given above (4.7--47k3 and 100--300kn,
respectively), but they should be chosen so that the RPACCL's
I charvacteristics VIO, VIL, VOF and VoL are satisfied. These
resistors are used to maintain the level af the IA0 terminals

{B0——D03) and the input terminais al any time {e.g,, during bat-

tery kackup), and they have the effect of reducing the current
consuwmption during battery backup. It is ifmmaterial whether
pull-up or pull-dawn resistors are selected for any oif the I/0
vr input terminals.  However, it is recommendesd that pull-op
resistors be used for U5, BD, and WR, since if pull-down
resistars are used for these terminals, they will become
active when the CPU is on held {e.g.,at DMA cycle, contrel lines
of %, RE, and WE start to fleoat instantaneocusly) and this may
lead to problems. The arrangement of resistors shown in Fig.

3 iz an example only, and may be altered. For details, sea
Section 3 of these Application Notes.

[Note 5]
If verminal 15 (the ALARN terminall is to be used during bat~
tery backup, it should be pulled up by the same hattery power
source as the RPSCOL, It it is not to be used during battery
Fackup, it shovld be pulled up by the system power scurce,
which cannot supply veoltage during power down.
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TANDY 200 ROM INFORMATION

USA/CANADA VERSION

These pages provide essential information for using ROM

. functions.

LCD Functions

Function
Name

Description

Entry
Address
(Hex.)

LCDPUT

Displays a character on the LCD at current
cursor position. (Aiso RST 4)

Entry condition: A=character to be displayed
Exit condition: none

503C

SETCUR

Move cursor to specified location.

Entry conditions: D=x coordinate (1-40)
E =y coordinate (1-16)

Exit condition: none

BDBA

PLOT

Turn on pixel at specified location.

Entry conditions: D=x coordinate (0-239)
E =y coordinate (0-127)

Exit condition: none

8076

UNPLOT

Turn off pixel at specified location,

Entry conditions: D =x coordinate {0-239)
E =y coordinate {0-127)

Exit condition: none

8077

POSIT

Set cursor position.

Entry conditions: H=column number (1-40)
L =row number (1-18)

Exit condition: none

4F9B

ESCA

Send specified Escape Code Sequence.
Entry conditions: A=escape code
Exit conditions: none

4F8F
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Routines for Generating Common LCD Functions and
Escape Codes

Function Entry  Equiv.
Name Description Address ESC
{Hex.) _

CRLF Generate a Carriage Return and 4F3E — ‘
Line Feed on LCD

HOME Mave cursor to Home position {1,1) 4F49 —

CLS Clear display 4Fap —

SETSYS Set system line (lock line 186, 4F54 T
LABEL)

RSTSYS RESET system line (unlock line 16, 4F59 U
LABEL)

LOCK Lock display (no scrolfing) 4F5E v

UNLOCK Uniock display {scrolling) 4F63 w

CURSON Turn on cursor 4F68 P

CURSOF Turn off cursor 4F8D Q

DELLIN Delete line at current cursor 4F72 M
positian

INSLIN Insert a blank line at cursor 4F77 L
position

ERAEOL Erase from cursor 1o end of line 4F7C K

ENTREV Set Reverse character mode 4F88 o)

EXTREV Turn off Reverse character mode 4F8D o

Variable and Status Locations

Name Contents Address

CSRY Cursor Position (ROW) EF0&

CBRX Cursor Position (Column) . EFO7 .
BEGLCD Start of LCD memory FA30

ENDLCD End of LCD memory FCAF
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Keyboard Functions

Function (Hex.)
Name Description Entry
Address
. KYREAD Scan keyboard for a key, return with or without 8803
one,

£ntry conditions: none
Exit conditions: A= Character, if any
Z flag - set if no key found
-— reset if key found
Carry — set (character in code table
beiow)
— reset (normal character set
code)
Resister A Key pressed
F1

F2
F3
Fd4
F5
Fé
F7
F8

LABEL

. PRINT
0A SHIFT-PRINT
0B PASTE

OO EON O

CHGET Wait and get character from keyboard. 12F7
Entry conditions: none
Exit conditions: A=character code
Carry — set if special character
— raset it normal character
(F1 - F8 return preprogrammed strings)

CHSNS Check keyboard queue for characters 1404
Entry conditions: none
Exit conditions: Z flag set if quede empty,
reset if keys pending

KEYX Check keyboard gueue for character or 8B31
BREAK.
Entry conditions: none
Exit conditions: Z flag set if queus empty,
. reset if keys pending
Carry — Set when BREAK entered
— Reset with any other key
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Keyboard Functions

Function (Hex.)
Name Description Entry
Address

BRKCHK Check for BREAK characters only 8B4D

{CTRL-C or -8)

Entry conditions: nohe

Exit conditions:

Carry — sat if BREAK or PAUSE
aentered
— reset if no BREAK characters

INLIN Get line from keyboard {tarminated by ENTER)  54F6

Entry conditions: nohe

Exit conditions: data stored at location F685

Using Function Keys Routines

The function table consists of character strings to be used by the keyboard
driver when processing F1 - F8 keys. The strings have maximum length of 16

characters ancd are terminated by a 80" (Hex.) code. If the last character of the
string is OR'ed with 80, the character will also serve as a terminator. The entire
string will be piaced in the keyboard buffer when the appropriate strings for ali 8
keys are pressed. You must specify character strings for all B function keys {use
the terminator bytes for any you wish to ignore).

Example of function table:

FCTAB

DEFM
DEFW
DEFM
DEFB
DEFM
DEFB
DEFM
DEFW
DEFM
DEFW
DEFB
DEFB
DEFM
DEFW

‘Files’
oD8o
‘Load’
80
‘Save’
80
‘Rur’
oD80
‘List’
0080
80O

80

‘Menu’

oDeo
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Function (Hex.)
Name Description Entry
Address
STFNK Set function key definitions 6E20
Entry conditions:
HL = Address of function table {above)
Exit conditions: none
CLFNK Clear function key definition table (fills with BE1D
80's)
Entry conditions: none
Exit conditions: none
DSPFNK Display function keys 4FC7
Entry conditions: none
Exit conditions: none
STDSPF Set and display function keys 4FC4
Entry conditions:
HL = Start address of function table
Exit conditions: none
ERAFNK Erase function key display 4FAQ
Entry conditions: none
Exit conditions: nons
FNKSB Dispiay function table (if enabled) 6E42
Entry conditions: none
Exit conditions: nong
Printing Routines
Function Hex.)
Name Description ntry
Address
PRINTER Send a character 1o the line printer B4CH
Entry conditions: A= character 1o be printed
Exit conditions:
Carry — set if cancelled by BREAK
— reset if normal return
CHPLPT Print character without expanding tab 1590
characters
Entry conditions: A= character to be printed
Exit condition:
OUTDLP Print a character expanding tabs to spaces 5A14

Entry conditions: A=character to be printed
Exit conditions:
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Function (Hex.)

Name Description Entry
Address
LCOPY Print contents of LCD 2946
Entry conditions: none "
Exit concitions: none

RS232-C and MODEM Routines

Function (Hex.)

Name Description Entry
Address

DISHHC Disconnect Phone Line 61BA

Entry conditions: none
Exit conditions: none

CONHHC Connect phone line 61D0
Entry conditions: none
Exit conditions: none

ATDIAL Dial a specified phone number 6228
Entry conditions; HL =ph. number address
Exit conditions: none

RCVX Check RS232C gueus for characters 8508
Entry conditions: none
Exit conditions: A =number of characters in
queve
2 flag — set if no data
— reset if characters pending

RvV232C Get a character from RS232 receive gueue 8519
Entry conditicns: none
Exit conditions: A= character received
Z flag — set if Q.K.
— reset if error (PE,FF, or OF)
Carry — set if BREAK pressed, else reset

SNDCQ Send an XON resume character (CTL-Q} 8608
Entry conditions: none
Exit conditions: none

SNDCS Send an XOFF pause character (CTL-S) 8617
Entry conditions: none
Exit conditions: none
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Function
Name

(Hex.)
Description Entry
Address

SD232C

Send a character to the RS232 or Modem (with ~ BB43
XON/XOFF)
Entry conditions: A =character to be sent
Exit conditions:
Carry — set if BREAK pressed, else reset

CARDET

Detect carrier B74A
Entry conditions: none
Exit conditions: A=0 if carrier

Z flag — set if carrier, eise reset

SNDCOM

Send a character to RS232-C or modem 8629
{without XON/XOFF flow control)
Entry conditions: C=character to be sent
Exit conditions:
Carry — set if BREAK prassed, else reset

BAUDST

Set Baud rate for RS232-C 86AD
Entry conditions: H= Baud rate {1-8, M)
Exit conditions: none

INZCOM

Initialize RS232-C and Modem 86DE
Entry conditions: B = Baud rate (1-9)
L = USART configuration
code
USART = 8251
Carry — set if RS232-C
— reset if modem
Exit conditions: none

BIT{S) Description

0-1 Baud rate: 00 =None, 10=X1 01 = X186(fix),
11 =X64
23 Word length: 00=5, 10=6, 01=7, 11=8
4 Parity enable: 0= Disable 1 =Enable
5 Parity setting: 0=0DD 1 =Even
6-7 Specifies number of Stop Bits: 00=None 10=1,
01=1511=2

The text string containing the current STAT setting is located
at EF3CH (7 bytes): Baud, Length, Parity, Stop bits, XON/
XOFF switch, Ignora conirol and Ignore LF,
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Function (Hex.)
Name Description Entry
Address
SETSER Set serial interface parameters and activate 191D
RB5232-C/Modemn
Entry conditions: HL = start address of ASCII
string containing pararneters terminated by
a binary zero (78E1ENN.0).
Syntax same as in Telecom's STAT
Carry — set for RS232-C
— reset for Modem
Exit conditions: none
CLSCOM Deactivate RS232-C/Modem 87B5
Entry conditions: none
Exit conditicns: none
Cassette Recorder Routines
Function (Hex.)
Name Description Entry
Address
DATAR Read character from cassette (no checksum) B8B3
Entry Conditions: none
Exit conditions: D =character from cassette
Carry — Set it BREAK pressed, eise reset
CTON Turn motor on 15C0
Entry conditions: none
Exit conditions: none
CTOFF Turn motor off 15C2
Entry conditions: none
Exit conditions: none
CASIN Read a character from cassette and update 15C8
checksum
Entry conditions: C =current checksum
Exit conditions: A= character
C=contains the updated
checksum
Send characters to cassette and update 15D9

checksum

Entry conditions: A=character to be sent
C=current checksum

Exit conditions: C = updated checksum
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Function (Hex.)

Name Description Entry
Address
SYNCW Write cassette header and sync byte only 8701

Entry conditions: none
Exit conditions:
Carry — Set if BREAK pressed, eise reset

SYNCR Read cassette headar and sync byte only 8810
Entry conditions: none
Exit conditions:
Carry — set if BREAK pressed, else raset

DATAW Write a character to cassette {ng checksum) 8756
Entry conditions: A=character to be sent
Exit conditions:
Carry — sat if BREAK pressed, else reset

RAM Files Routines

The Directory Table (located at F252) contains all file location, type, and status
information.

Each file is managed by an 11-bytes directory entry in the format:

Byte 1 : Directory Flag (for file type and status)
Byte 2-3 : Address of file
Byte 4-11 : B Byte filename

The Directory Flag contains the following information:

Bit 7 (MSB) 1 if a valid entry

Bit 6 1 for ASCI| text file {DC)

Bit 5 1 for Machine language (CO)
Bit 4 1 for ROM file

Bit 3 1 for invisible file

Bit 2 reserved for future use

Bit 1 reserved for future use

Bit 0 internal use only
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Function
Name

(Hex.)
Description Entry
Address

MAKTXT

Create a text file 2D7C
Entry conditions: filename (max, 8 bytes) must

be stored in FILNAM(F746)."DQ’ extansion

not required
Exit conditions: HL = TOP address of new fiie

DE = address of Directory entry (Flag)

Carry — set if file aiready exists

— reset if new file

CHKDC

Search for file in directory 6E4D
Entry conditions: DE = address of filename to
find (ASCI| filename + O byte terminator)
Exit conditions: HE. = start address {TOP) of
file
Z Flag — 0 (file found)
1 (file not found)

GTXTTB

Get top address of file 6E8C
Entry conditions: HL = address of directory

entry for file
Exit conditions: HL.=TOP start address of file

KILASC

Kifl a text (DO) file 2AB5
Entry conditions: DE =file TOF start address

HL = address of directory entry (flag)
Exit conditions: none

INSCHR

Insert a character in a file 829C
Entry conditions: A=character t¢ insert

HL = address to insert character
Exit conditions: HL= +1

Carry — set if out of memory

MAKHOL

insert a specified number of spaces in a file 82A8
Entry conditions: BC=number of spaces to
insert
HL = address to insert spaces
Exit conditions: HL & BC are preserved
Carry — set if out of memory

MASDEL

Delete specified number of characters 820A,
Entry conditions: BC = number of characters to
delete
HL = adtdress of deletion
Exit conditions: HL & BC are praserved
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QOther Routines

Function _ {Hex.)
Name Description Entry
Address
INITIO Cold start reset B841C
Entry condition: none
Exit condition: none
IOINIT Warm start Menu 8439
Entry condition: none
Exit condition: none
MENU Go to Main Menu 67A4
Entry conditions: none
Exit conditions: none
MUSIC Make tone (see ownet's manual for frequency 8BCO
and duration information}
Entry conditions: DE = frequency
{0 - 16383)
B =duration
{0 - 255)
Exit conditions: none
TIME Raad system TIME 1ATE
Entry conditions: HL = address of 8 byte area
for TIME
Exit conditions: HL = TIME (hh:mm:ss)
DATE Read system DATE 1AQ9E
Entry conditions: Hl. = address of 8 byle area
{or DATE
Exit conditions: HL =DATE (mm/dd/yy)
DAY Read system DAY of the week 1ACS

Entry conditions: HL = address of 3 byte area
for DAY
Exit conditions: HL= DAY (add)
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