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Introduction

h

The Cromemco TU-ART (Twin Universal Asyn-
chronous Receiver and Transmitter) provides two
channels of duplex serial data exchange; two channels
of parallel data exchange; and ten interval timers. Sta-
tus information is available through polling or by
interrupt. In addition, each interval timer activates
an interrupt and two interrupt request lines are
brought out for the user. The TU-ART has its own
crystal-controlled clock and interfaces to the S-100
bus asynchronously so that CPU clock frequency is
not critical. The TU-ART incorporates two TMS
5501 NMOS 1/0 Controller chips.

1.1 Definitions

Throughout this manual the two TMS 5501 chips
will be referred to as “Device A” and “‘Device B.”
Device A (IC 4) is the leftmost chip. Device B (IC 5)
is the rightmost chip. Device A is nearer the heat
sink and drives serial connector J4 and parallel connec-
tor J2. Device B is located to the right of Device A
and drives serial connector J5 and parallel connector
J3.

1.2 Switch Selectable Options
Addressing The TU-ART

The system CPU views the TU-ART as a dual assem-
bly of input/output ports with interrupt capability.
The CPU normally reads data or status from the
TU-ART via the S-100 bus by executing an IN A,
(port) instruction, and writes data or commands to the
TU-ART by executing an OUT (port), A instruction.

There are fourteen 1/0 ports used for data transfers,
commands and status by Device A, and another four-
teen by Device B (see Figure 2). The user may indepen-
dently switch select Device A and Device B 1/0 Base
Addresses (the four most significant 1/0 address bits);
the four least significant bits of the 1/0 address on the

S-100 bus then determine the offset from the selected
base address.

The base address of Device A is selected by DIP
switch positions 6 thru 3; the base address of Device B
is selected by DIP switch positions 10 thru 7 (see Fig-
ure 1). Notice that positioning a switch ON conditions
the TU-ART to respond to a logic @ on its associated
address line; an OFF switch corresponds to logic 1.

For example, if DIP switch positions 6 thru 3 are
ON, and positions 10 thru 7 are OFF, then the TU-
ART Device A Command Register is mapped into out-
put port @2H, and the Device B Command Register is
mapped into output port PF2H.

Note that Device A bits A7, A6 and A5 also control
D7, D6 and D5 of the TU-ART's Z-80 mode 2 Inter-
rupt Acknowledge response vector.

Interrupt Mode

When this switch (position 1) is ON, the TU-ART
operates in the 8080 interrupt mode: one of eight
“Restart” instructions is gated to the data bus during
an Interrupt Acknowledge cycle. Since the TU-ART
can interrupt from one of 16 different sources, it is
necessary to poll the devices if the TU-ART is in 8080
mode (see ““Operation Using 8980 Mode Interrupts’’).

When switch position 1 is OFF, the TU-ART re-
sponds in Z-80 mode 2. In this mode, the TU-ART
supplies a byte to the data bus during Interrupt
Acknowledge that is used as the lower eight bits of a
memory address. The Z-80 supplies the upper eight
bits from the | register and automatically reads the cor-
responding memory location, as well as the next loca-
tion, to find the starting location of an interrupt
routine. (Refer to Section 3.1 and/or the Z-89 CPU
Reference Manual, Zilog, 1977, for details.)

Normal/Reverse Address

When this switch (position 2) is ON, it allows Device
A and Device B to swap base addresses by means of
an output to one of the parallel ports (Software
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Addiess Reverse). This allows  either Device A or
Device B 1o be driven by a software driver whose port
Gssignments are frozen in memory. Setting the switch

ON connects the MSB of Device A's parallel output
port to the Reverse Address control so that addresses
may be flipped under software control. To flip ad-
(resses, output a byte with D7 high to Device A’s
parallel output port. To return to normal addressing,
output a byte with D7 low to Device B's parallel out-
put port. When switch position 2 is OFF, the Address
Reverse switch is disconnected from the parallel port.
The Address Reverse signal is brought out to pin 1

of J2 and J3. When the Address Reverse switch is ON,
pin 1 will show the state of the TU-ART:

Pin 1 = @ means Reverse Mode,
Pin 1= 1 means Normal Mode.

When the Address Reverse switch is OFF, pin 1 ol
J2 or J3 may be grounded externally to place the TU
ART in reverse Mode (Hardware Address-Reverse).
Do not ground pin 1 of J2 or J3 while the Revers
Address switch is ON as this will conflict with opera
tion of Device A’s parallel port.

e

Figure1 TU-ART Switch Settings

IM2 (Z-80 Interrupts)
Hardware Address Reverse
Ad=1

Device A A5 =1

Base Address
AG =1

L A7=1
Ad =1

Device B A5 =1

Base Address AG = 1

| A7=1

Caution: Base addresses @@H and 30H are used by
Cromemco’s 4FDC Floppy Disc Controller; 40H is
used by Cromemco memory boards with BANK SE-

LECT; and
Interface.

IM@ (8080 Interrupts)

Software Address Reverse

 A4=0
A5=0
 AB=0
- A7=0
— A4=0
 AB=0
 A6=0
_ A7=0

5PH is used by Cromemco’s PRI Printer
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1.3 Interrupt Priority Chain

When more than one TU-ART is used in a system, it
is necessary to coordinate the Interrupt Responses
in order to prevent bus conflict during Interrupt
Acknowledge cycles. This is done by first connecting
J1 PRIORITY OUT from the highest priority TU-ART
to J1 PRIORITY IN of the next highest priority TU-
ART, then connecting J1 PRIORITY OUT of the
second TU-ART to J1 PRIORITY IN of the next TU-
ART, and so on until all TU-ARTs are connected. The
J1 PRIORITY IN pin of the highest priority board is
left unconnected. Device A is internally prioritized
over Device B on each TU-ART.

1.4 Status Bit Selection

The connection of status flag bits to data bits is
done on the PC board at the location of the status
socket below J4. Cromemco software conventions
assign D6=Receiver Data Available (RDA), and D7=
Transmitter Buffer Empty (TBE). For specialized
assignments (like more than one bit per flag) see the
following ““Status Socket’’ section.

Status Socket

The status flag bits available on input port @ are
connected to the data bits by foil traces in the
"‘status” socket located between IC’s 8 and 9.

The flag assignment used by all Cromemco soft-
ware is discussed in the section entitled "“Register
Description.”

If necessary, the flags may be assigned to different

data bits. This may be most easily done as follows:

1. Notice that the flags are arranged along the
left row of pads and that the data bits are
arranged along the right side row of pads. Note
also that only those 8 traces connecting the
right and left pads are not covered by the solder
mask. There are 5 traces which pass through this
area which are covered.

2. Use a razor blade or a sharp knife to cut all 8 of
the traces connecting the left and right rows of
pads. Be very careful not to cut the traces which
are covered by the solder mask.

3. Install and solder a 16 pin IC socket in the 2
rows of pads.

4. Install a 16 pin “component header” in the
socket.

5. Using small (24 or 28 Awg) insulated wire
connect the flags (on the left) to the desired
data bits (on the right) on the component
header.

6. The component header is now a “plug’”’ for your
particular flag assignment. Several different
flag assignment “plugs’’ can be prepared in the
same manner and used at different times to suit
the requirements of the software being exe-
cuted.

Any given flag may be assigned to more than one
data bit. However, each data bit can have only one flag
assigned to it.
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1.5 Interface Options

TTY20 mA

To drive a Teletype, the following connections
should be made (at J4 or J5 for Device A or B res-
pectively):

ASR-33 TTY

J4/J5 PIN 23 connects to Terminal strip “BL", terminal
#7 (current into printer)

TU-ART

J4/J5 PIN 25 connects to Terminal strip “gL"”, terminal
#6 (return current from printer)

J4/J5 PIN 17 connects to Terminal strip “BL”, terminal
#4 (current into keyboard)

J4/45 PIN 24 connects to Terminal strip “BL”, terminal
#3 (return current from
keyboard)}

Caution: 120 VAC is also present on terminal strip “BL”
at terminals #1 and #2.

RS/232C

An RS232 terminal (such as a CRT) may be plugged
into an interface cable directly out of J4 or J5. The
TU-ART assumes the role of data-set (computer) in
this case. See Figure 8: Terminal to TU-ART Cable
for this connection.

Parallel 1/0

The parallel port output drivers may be tri-stated
by grounding pin 8 of the parallel port (J2, J3). A
bidirectional bus may be implemented by simply
wiring the input and output lines together and using
pin 8 to control the direction of data flow. Pin 8 low
implies data input to the TU-ART and pin 8 high
implies data output from the TU-ART.
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Figure2 Summary 0f TU-ART 1/0 Port Addresses

OFFSET A7 A6 A5 A4 A3 A2 A1 AQ FUNCTION
? Y o 0 0 0 IN Device A status register
? o 0 0 ¢ OUT Device A baud rate register
1 2 0 0 1 IN Device A receiver data register
1 2 0 0 1 OUT Device A transmitter data register
2 i o 0 1 09 OUT Device A command register
3 Device A @ 0 1 1 IN Device A interrupt address register
3 Base AFidress 0 1 1 OUT Device A interrupt mask register
4 (see Fig. 1) 2 1 0 ¢ IN Device A parallel port
4 1 0 o OUT Device A parallel port
5 2 1 0 1 OUT Device A timer 1
6 2 1 1 @ OUT Device A timer 2
7 o 1 1 1 OUT Device A timer 3
8 1T 0 0 0 OUT Device A timer 4
9 T 0 0 1 OUT Device A timer 5
0 O 0 0 o IN Device B status register
1) o 0 0 ¢ OUT Device B baud rate register
1 2 0 0 1 IN Device B receiver data register
1 O 0 0 1 OUT Device B transmitter data register
2 O 0 1 0 OUT Device B command register
3 Devi 0 1 1 IN Device B interrupt address register
evice B C. . .
3 Base Address 0 1 1 OUT Device B Interrupt mask register
4 (see Fig. 1) 2 1 0 ¢ IN Device B parallel port
4 , o 1 90 ¢ OUT Device B parallel port
5 2 1 0 1 OUT Device B timer 1
6 @ 1 1 9 OUT Device B timer 2
7 2 1 1 1 OUT Device B timer 3
8 T 0 0 0 OUT Device B timer 4
9 T 0 0 1 OUT Device B timer 5
NOTES:
All of the following unassigned ports are free for sys-
tem use: IN 2, IN 5 through IN 9, IN 19 through
IN 15 and QUT 10 through OUT 15,
If Device A and Device B are set to the same base
address, Device A will override.
Device A is IC 4,
Device B is IC 5.
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TUART Register Descriptions

2.1 Offset IN/OUT Description

Each of the twenty-eight TU-ART registers is
viewed as an |/O port by the system CPU. The func-
tion of each register is discussed in the following sub-
sections. The sub-section headings consist of an 1/O
port address offset, followed by either “IN” or “OUT,"”
followed by the TU-ART register name. The descrip-
tions given below apply equally to Device A registers
and Device B registers. Refer to Figure 3 for a sum-
mary of TU-ART register formats.

P9 IN Status Register

The CPU reads the contents of this register to de-
termine the status of the Device A/Device B serial port.
The status bit assignments may be altered by cutting
PC foil traces and installing a jumper wire header (see
Section 1.4).

- T
D7 RS D4 D3 | D2 D1 Do
Transmit| Read int. Start Full Ser- Over- Frame
Buffer Data Pend Bit Bit ial run Error
Empty Avail. ing Detect | Detect | Rcv Error

D7 Transmitter Buffer Empty (TBE)

A high in bit 7 indicates that the transmitter data
buffer is ready to accept a new byte. TBE goes high as
soon as the serial transmitter begins to send the byte
currently in the buffer. Since the transmitter is “‘dou-
ble-buffered,” the user may respond to the TBE signal
and load the buffer even before the previous byte
has been totally transmitted. TBE also activates
interrupt request 5. TBE is cleared when the buffer is
loaded and is set by the RESET command.

D6 Receiver Data Available (RDA)

A high in bit 6 indicates that a byte of data is avail-
able from the receiver buffer. This flag remains high
until the buffer is read. A RESET command clears the
flag. If the buffer is not read by the time the next byte
from the receiver is ready, the new byte will write over
the old byte and the overrun error flag will be set.
RDA also activates interrupt request 4.

D5 Interrupt Pending (IPG)

A high in bit b indicates that one or more of the
eight interrupt request sources has become active. This
flag goes high at the same time as the interrupt reguest
pin of the TMS 5501.

D4 Start Bit Detect (SBD)

A high in bit 4 indicates that the serial receiver has
detected a start bit. This bit remains high until the full
character has been received. SBD is cleared by RESET
command. This bit is provided for test purposes.

D3 Full Bit Detect (FBD)

The FBD flag in bit 3 goes high one full bit time
after the start bit has been detected. This bit remains
high until the full character has been received. FBD is
cleared by a RESET command. This bit is provided
for test purposes.

D2 Serial Receive (SRV)

A high in bit 2 indicates high level on the serial data
input line. A low in bit 2 indicates a low level on the
serial data input line. SRV is high when no data is be-
ing received. This bit is provided for break detection
and for test purposes.

D1 Overrun Error (ORE)

A high in bit 1 indicates that the receiver has loaded
the receiver data buffer before the previous contents
were read. ORE is cleared after the status port is read
or by the RESET command.

D@ Frame Error (FME)

A high in bit @ indicates an error in one or both of
the stop bits which ““framed” the last received data
byte. FME remains high until a valid character is re-
ceived.
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00 OUT Baud Rate Register

The CPU loads this register to set the baud rate
and stop bits for serial receive and transmit data. Bit
assignments are as follows:

D7 D6 |D5 |D4 |D3 | D2 | D1 | D¢

STOP (9600 | 4800 | 2400 | 1200| 30D | 150 | 110
BITS

D7 Stop

A high in bit 7 selects one stop bit for serial receive
and transmit data. A low in bit 7 selects two stop
bits.

D6-DO Baud Rate

A high in one of the lower seven bits selects the
corresponding baud rate. If more than one bit is high,
the highest rate selected will result. If none of the bits
are high, the serial transmitter and receiver will be
disabled. (For special purposes these baud rates can be
octupled—see the description of HBD in the command
register.}

A1 IN Receiver Data

The CPU reads this register to obtain the assembled
byte of data from the serial receiver.

@1 OUT Transmitter Data

The CPU loads this register with a data byte for
serial transmission.

P2 IN Not Connected

Reading this port causes no response from the
TU-ART. This input port is available to other parts of
the computer system,

82 OUT Gommand Register

The format for the command register is as follows:

latched

D7 (D6 |[D5 |[D4 D3 D2 D1 |D@

Not | Not HIGH |INTA | RST7
Used | Used | Test | BAUD|Enable | Sel.

Break{Reset

D5 Test Bit (TB5)

A high in bit 5 disables the internal interrupt priori-
ty logic and then enables the internal clock. Thus, the
signal on the INT pin of the 5501 becomes a TTL
level clock of 1562.5 Hz (12.5 kHz if HBD is high—
see “D4 High Baud” below). TB5 should be low for
normal operation.

D4 High Baud (HBD)

A high in bit 4 octuples the rate of the internal
clock. This causes the interval timers to count eight
times faster and the serial data rates to increase eight-
fold. When bit 4 is high, baud rates up to 76.8K baud
are available for high speed data transfers.

D3 INTA Enable {INE)

A high in bit 3 allows the 55@1 to respond to an
Interrupt Acknowledge by gating a Restart instruc-
tion into the data bus at the correct time and resetting
its internal interrupt request latch.

A low in bit 3 prevents the 5501 from detecting
an INTA cycle. Bit 3 should be high for normal oper-
ation.

D2 RST7 Select (RS7)

A high in bit 2 connects the MSB of the parallel
input port to the interrupt request latch for the
lowest priority interrupt (interrupt 7). A low-to-high
transition on the MSB of the parallel input port (P17)
will activate the interrupt request latch.

A low in bit 2 connects the output of Timer 5 to
the interrupt request latch for the lowest priority inter-
rupt (interrupt 7). When the timer count reaches zero,
the interrupt request latch will be activated.

D1 Break (BRK)

A high in bit 1 holds the serial transmitter output in
the low state (spacing). RES will override (see ‘D@
Reset’”” below),

A low in bit 1 allows normal operation. BRK should
be low for normal operation.

D® Reset (RES)

A high in bit @ causes the following actions:
a) The Serial Receiver goes into search mode;
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RDA, SBD, FBD, and ORE are set to zero.
The contents of the receiver buffer are not
affected.

b) The Serial transmitter output is set high {mark-
ing). I1f D@ and D1 are both high, the RES
function will override. RES sets TBE high.

c) The interrupt register is cleared except for the
TBE interrupt request which is set high.

d) The interval timers are cleared.

RES is not latched.

B3 IN Interrupt Address

The CPU reads this register to obtain the encoded
address of the highest priority interrupt currently re-
questing service. This address is identical to the
“Restart” instruction op-code for the interrupt
acknowledge. Thus, the register contents may be (in
order of service priority):

CONTENTS SOURCE
Cc7 Timer 1
CF Timer 2
D7 Sens
DF Timer 3
E7 Receiver Data Available
EF Transmitter Buffer Supply
F7 Timer 4
FF Timer 5 or P17

This register is provided for servicing interrupts via
polling. After the register is read, the corresponding
bit in the interrupt request register is reset. If the re-
gister is read when no interrupt is pending, it will
read OFFH.

#3 OUT Interrupt Mask

D7 D6 D5 | D4 D3 D2 D1 Do

Timers| Timerd| TBE | RDA|Timer3 | Sens [ Timer2 | Timer1
/P17

The contents of this register are logically “And"’-ed
with output from the interrupt request register on the
55@1. A high bit in the interrupt mask allows the cor-
responding request to pass on into the priority encod-
er. A low bit in the interrupt mask inhibits the corres-
ponding interrupt from passing any further. Since the
interrupt requests are latched independently of the
state of the mask, an interrupt may be requested while
the mask bit is low. The request will be retained until
the mask is changed and the request allowed to pass
on (assuming no RES command in the interim).

B4 IN Parallel Input

This register contains the data presented at J2 (De-
vice A) or at J3 (Device B). The input data must be
stable 75 ns after Input Strobe goes low. The peripher-
al supplying data to the TU-ART can indicate data
available by activating the SENS line (or by raising the
MSB of the parallel input if the RS7 bit in the com-
mand register is high).

When using Z-8@ block input commands, it is not
necessary to supply data at full speed. The input peri-
pheral should simply pull down the WAIT line {pin 21
of J1 or J3) whenever Input Strobe goes low and
should not let WAIT go high until the next byte is pre-
sented to the TU-ART. (The TU-ART will not read
this byte until Input Strobe goes low again.)

f4 OUT Parallel Output

This register contains the data which drives the
parallel output buffers. The output data is guaranteed
stable 1.45 pusec after the falling edge of Output
Strobe. The TTL output buffers which drive J2 (De-
vice A) and J3 (Device B) may be put in a high-impe-
dance state by pulling down on Disable (pin 8).

When using the Z-80 block output commands, it is
not necessary to receive data at full speed. The output
peripheral should simply pull down the WAIT line
(pin 21 of J2 or J3) whenever Output Strobe goes low
and not let WATT go high until the output peripheral
has had time to “‘digest” the data.

B85 IN Not Connected

Same as Input 02,



TUART Digital Interface

85 0UT Timer 1

The CPU outputs a “count’” to this register to start
Timer 1. This count is decremented by 1 every 64
useconds after initial loading. When the count reaches
zero, bit @ of the interrupt request register is set and
the timer disabled. Since the maximum count is 2565,
the longest interval is 255x64 usec. = 16.32 msec.
Accuracy is plus @ and minus 64 usec. Loading a count
of zero causes an immediate interrupt request to the
interrupt request register. Loading a new count while
the timer is counting re-initializes the timer without an
interrupt request. If HBD is high in the command
register, the timers will count 8 times as fast.

86 IN Not Connected

Same as Input 02.

96 OUT Timer 2

Operates in the same fashion as Timer 1.

@7 IN Not Connected

Same as Input 02.

@7 OUT Timer 3

Operates in the same fashion as Timer 1.

@8 IN Not Connected

Same as Input 02.

P8 OUT Timer 4

Operates in the same fashion as Timer 1.

A9 IN Not Connected

Same as |nput 02.

g9 OUT Timer5

Operates in the same fashion as Timer 1.

@AH-OFFH IN And OUT Not Connected

Addressing these /O ports causes no response from
the TU-ART. These /O ports are available to other
parts of the computer system.

Figure 3 Ssummary Of Register Formats For TU-ART, Each Device

- L e
OFFSET FUNCTION D7 D6 D5 D4 D3 D2 D1 D¢ EAE(I;:E
? IN STATUS TBE RDA IPG SBD FBD SRV ORE FME 6
1) OQUT STATUS STOP 0600 4800 2400 1200 300 150 110 7
1 IN SERIAL MSB Direction of shift LSB 7
1 OUT SERIAL MSB Direction of shift LSB 7
2 OUT COMMAND - - - TB5 HBD INE RS7 BRK RES 7-8
3 IN INT ADDR 1 1 14* 12* 1g* 1 1 1 8
3 OUT INT MASK  T5/PI7 T4 TBE RDA T3 SENS T2 T1 8
4 IN PARALLEL MSB LSB 8
4 QUT PARALLEL MSB LSB 8
5-9 QUT Timer 15 MSB (Delay=count x 64 psec, HBD=0) 9
(Delay=count x 8 usec, HBD=1)

ta 12 ] [ Source of Interrupt

e -

Timer 1
Timer 2
SENS
Timer 3
RDA

TBE

Timer 4
Timer 5/P17
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Interrupt Operation

The TU-ART offers sophisticated interrupt capabili-
ties, including on-board priority encoding, interrupt
generation, interrupt acknowledgment, and daisy
chain expandability. These features, in conjunction
with the Cromemco 4 MHz Z-8@ processor, make very
high throughput possible.

IMPORTANT

Both channels of the TU-ART must be proper-
ly initialized. An uninitialized TU-ART may gen-
erate spurious interrupts! Further, the rest of the
system must be interrupt compatible (all Cro-
memco boards are, although the 8K Bytesaver
requires the interrupt modification shown on the
8K Bytesaver schematic).

A description of interrupt operation follows for

both the Z-80 and 8080 type interrupt modes.

3.1 Operation
Using Z80 Interrupts

When the TU-ART is used with the Cromemco ZPU,
all 16 of the possible interrupt sources on the TU-ART
can generate a unique response without the need for
chaining the interrupt requests and polling the re-
sponses. This means fast response from interrupt
request to service routine and, when coupled with the
AMHz Z-80Q, an extremely powerful realtime system
can be implemented.

A “high priority” interrupt request is one which
takes precedence over lower priority requests. This is
shown in the following table where the interrupts ser-
viced first are at the top.

It is, of course, possible to use the interrupt
mask of each Device to selectively enable and disable
the sources of interrupts (reference the description of
OQUT 03, Interrupt Mask, in the previous section).
Remember that the INE bit in the status register must
be high for correct operation of Interrupt Acknow!-
edge cycles. Also, be sure that the Z-80 has executed
the interrupt mode setting command @ED5SEH

—_— )

Table 1 z80 (Mode 2) Response

e ———————————————————— S ——

. TU-ART’s (Hex)
Priority Z-80 INTA Response Source of Interrupt
D7| D6 | D5 {D4|D3{D2|D1| D@

15 (Highest) 100 |0 |0 Device A, Timer 1

14 ol @0 | 1@ | Device A Timer2

13 DOV |00 Device A, SENSA

12 ~ © o! 01011 1189 Device A, Timer 3
11 < | <] <ip|1|0|0!| 0| DeviceA RDA
10 g E 3; @ | 1|0 |1]|0 | DeviceA TBE

9 < < < )] 1 1 0| 0 Device A, Timer 4

8 2 @ @ @1 111110 | DeviceA, Timer5 (P17)
7 '% '% 'g 1 O 0010 Device B, Timer 1

6 -] 0 a 1 01 @11 1] Device B, Timer 2

5 alal &l 11100 Device B, SENSB

4 + < = 1 Q|1 1 0 Device B, Timer 3

3 @l e Dl 110|@| 0 | DeviceB, RDA

2 1 1 )] 1 1]} Device B, TBE

1 1 1111061 @ | Device B, Timer4

P (Lowest) 1 111 1160 Device B, Timer 5 (P17}
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{(“IM2") and the interrupt enable command @FBH
(“El""). Both of these instructions must be executed
each time the Z-80 is RESET.

Assuming that both the 7-80 and the TU-ART have
been initialized, the reception of a byte of serial data
at Device B would initiate the following sequence of
events:

a)
b)

c)

d)

f)

The assembled byte is loaded into the receiver
data buffer.

The RDA status bit is set and the interrupt
request register (bit 3) is set.

I bit 3 of the interrupt mask of the Device in
question is & one, the request passes on 1o the
priority encoder. If bit 3 is a zero, no further
action occurs until the mask is changed.

The priority encoder compares all incoming in-
terrupt requests and sets its output to the value
of the highest priority incoming interrupt. Thus,
since Device B receives the serial data byte in
our example; the priority encoder will set its
output to ‘“priority 3" if Timers 1, 2, 3, and
SENSB from Device B are inactive or masked
out.

Device B's INT pin goes high, which in turn pulis
PINT low on the S-100 bus.

The Z-80 checks the interrupt line at the end of
the current instruction, and finding the line
active, goes into an Interrupt Acknowledge
(INTA) cycle.

The occurrence of the INTA cycle is detected
by the TU-ART which then transmits PRIORI-

TY OUT = 0 to connector J1. This temporarily
disables Interrupt Acknowledge from lower
priority boards. if no board with higher priority
is holding PRIORITY TN low, and if Device A
has no interrupt pending, then Device B gates
the proper Z-80 INTA response vector onto the
data bus. in this example, Device B would place
18H logically ORed with (A7) (AB) (AB) BOBOO
from Device A's base address on the data bus.
The corresponding bit in the interrupt request
latch is reset.

h) The Z-80 reads the INTA response byte and
appends it to the byte in the | register. This
then forms a sixteen bit address which points
to the first of two sequential bytes in memory
which in turn designate the actual starting ad-
dress of the service routine. The CPU automa-
tically executes a CALL to this starting address.

3.2 Operation Using
8880 Mode Interrupts

When the TU-ART is used in 7-80 interrupt mode @
it is necessary to ‘‘chain” Device B through the SENS
input on Device A. This requires one of the eight INTA
responses, RST2 @PD7H), to be serviced by a routine
which polls the status and interrupt address registers
of Device B. The remaining seven INTA responses are
serviced immediately. The resulting priority assign-
ments are shown in Table 2.

#

——— ]

Table 2 289 (Mode 0) Response

/
o TU-ART's (Hex}
Priority 8080 INTA Response Souce of Interrupt
15 (Highest) C7 (RSTO) Device A, Timer 1
14 CF (RST1) Device A, Timer 2
13 D7 (RST2) Device B, Timer 1
12 D7 (RST2) Device B, Timer 2
11 D7 (RST2) Device B, SENSB
10 D7 (RST2) Device B, Timer 3
9 D7 (RST2) Device B, RDA
8 D7 (RST2) Device B, TBE
7 D7 {RST2) Device B, Timer 4
6 D7 (RST2) Device B, Timer 5 (P17)
5 D7 (RST2) Device B, SENSA
4 DF (RST3) Device A, Timer 3
3 E7 (RST4) Device A, RDA
2 EF (RST5H) Device A, TBE
1 F7 (RST6) Device A, Timer 4
@ {Lowest) FF (RST7) Device A, Timer 5 (P17)

1
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It is of course, possible to use, the interrupt mask of
}ach Device to selectively enable and disable the
sources of interrupts (reference the discussion of
OUT 03, Interrupt Mask, in the previous section).

It is not necessary to reset the INE status bit of
Device B to zero even though Device B can never re-
spond directly to an Interrupt Acknowledge (INTA)
cycle. The INTA status information is not fed to De-
vice B if 8080 mode INTA has been selected on the
Option DIP Switch. Therefore, the 5501 never at-
tempts to drive the bus during INTA.

No wiring changes are necessary to disconnect the
INT pin of Device B from the PINT driver and to
connect it to the Device A SENS pin. All this is done
automatically when 808@ mode INTA has been select-
ed on the Option DIP Switch. Note that SENSA at
J1 is still connected. Pulling this line low will gener-
ate an interrupt request. The Z-80 must execute the
El instruction (PFBH) after resets or interrupts before
an interrupt may take place.

The sequence of events corresponding to Device B
receiving a byte of serial data are as follows:

a) The assembled byte is loaded into the receiver
data buffer.

b) The RDA status bit is set, the interrupt re-
quest register bit 3 is set, and the IPG status
bit is set in the device which received the charac-
ter {Device B in this example).

¢) If bit 3 of the interrupt mask of the device in
question is a one, the interrupt request passes
on to the priority encoder. If bit 3 is a zero, no
further action occurs until the mask is changed.

d) The priority encoder compares all incoming
interrupt requests and sets its output 10 the
value of the highest priority incoming interrupt.
Thus, if Device B received the serial data byte
in our example, the priority encoder will set its
output to priority three if and only if Device B's
Timers 1, 2, and 3 and SENSB are inactive or
masked out.

e) Device B's INT pin goes high which in turn acti-
vates the SENS pin of Device A.

f) 1 bit 2 of Device A's interrupt mask is a one,
the interrupt request will pass on to the priority

12

g)

h)

k)

encoder. |f bit 2 is a zero, no further action
occurs until the mask is changed.

The priority encoder in Device A compares all
incoming interrupt requests and sets its output
to the value of the highest priority incoming
interrupt. In our example, the interrupt from
Device B activates the SENS input at Device A.
This interrupt will have top priority if and only
if Device A’s Timers 1 and 2 are inactive or
masked out.

Device A’s INT pin goes high which in turn pulls
PINT low on the S-100 bus.

The CPU checks the interrupt line at the end of
the current instruction and, finding it active,
goes into an Interrupt Acknowledge (INTA)
cycle.

The occurrence of the INTA cycle is detected by
the TU-ART which then transmits PRIORITY
OUT = 0 to J1. This temporarily disables Inter-
rupt Acknowledge from lower priority boards.
If no board with high priority is holding PRI-
ORITY IN low, Device A will gate an 8080
INTA response onto the bus. In this example,
Device A would place @D7H on the data bus
(RST2). The corresponding bit in Device A’s
interrupt request register is reset.

The Z-80 reads the INTA response byte and
performs a CALL to location 1QH, the starting
address of the RST2 service routine.

The service routine located at starting location
10H, reads the status register of Device B. If
IPG is zero, no interrupts are pending in Device
B so that the interrupt request must have
originated from the SENSA line. The service
routine branches to the appropriate subroutine.

if IPG is one, Device B has an interrupt pend-
ing which must be serviced. The source of the
interrupt is determined by reading Device B’s
Interrupt Address register. In our example, the
Interrupt Address register would contain E7H.
When this byte is read, the corresponding bit
of the interrupt request register will be reset.
The service routine has now determined the true
cause of the interrupt and branches to the ap-
propriate subroutine.
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;

Connecting The TUART To 1/O Devices

e —————

4.1 Parallel Ports

Each device has an 8-bit output port and an 8-bit
input port with TTL buffering. The 1/O connectors
J2 and J3 provide these signals, along with several con-
trol lines. A full listing of these lines and their pin
assignments is given in Tables 3 and 4.

Figure 4 shows the timing of the TU-ART's paralle!
ports. Notice that the CPU driven Input Strobe {ISB)
line is low while the TU-ART is reading the parallel
port. Data should become stable no later than 75 nano-

seconds after 1SB goes low and should be held stable
for at least 49 nanoseconds after ISB goes high.

The CPU driven Output Strobe (OSB) line goes low
while the TU-ART is loading a byte from the S-100
bus. There is an additional delay of up to 450 nano-
seconds inside the TMS 55@1 IC, so data becomes
available at J2 or J3 a maximum of 450 nanoseconds
after OSB goes high.

Figures 5 and 6 show suggested circuits for block-
mode transfers. In these schemes, the peripheral re-
quests service from the processor and holds down the
“ready’’ (Wait) lines between bytes.

Figure4 Pparallel Port Timing

— o]
EXTERNAL D9®-D7
DATA INPUTS DATA MAY CHANGE DATA MUST BE STABLE T DATA MAY CHANGE
IS8 ANNMNY

75

—
ns

-

500ns

EXTERNAL D9-D7
DATA OUTPUTS

PREVIOUS DATA

)( NEW DATA

0SB

500ns

450ns

T
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Figure S Suggested Block Input Circuit

DATA

FROM PERIPHERAL X BYTE 1 I BYTE 2 X x BYTE N x
DATA READY J_ \ /

SERVICE REQUEST f

DATA ACCEPTED [’——\___ / \_. . / \

i \ \ /S /"~
WAIT N \
BYTE 1
READY
} \ '

PERIPHERAL PERIPHERAL TU-ART 2-80 Z.80
REQUESTS GETS NEW READS STORES STORES
START OF BYTE READY BYTE 2 BYTE N-1 BYTE N
TRANSFER ¥ ] )

TU-ART BYTE 2
PERIPHERAL
READS READY
BYTE 1 DONE
: L
Z-80 HELD 7.80 RELEASED,
IN WAIT STORES BYTE 1
STATE
7405
SERVICE ] —_—
REQUEST SENS
+5
+5
1K
b
7405 1K 4 D a - TU-ART

<
- ~
DATA READY | > DP cKk 2 7405
= D - —
a WAIT

el

PERIPHERAL —| Z

DATA
L ACCEPTED G
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Figure 6 Suggested Block Output Gircuit

DATA TO PERIPHERAL J BYTE 1 )( BYTE 2 I BYTEN
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_ Ve Van e U
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&

PERIPHERAL
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OF TRANSFER L L }
TU-ART BYTE 2 PERIPHERAL
LOADS READY DONE
BYTE 1 & y
BYTE 1 READY TU-ART Z-80
FOR PERIPHERAL LOADS RELEASED
L BYTE 2

PERIPHERAL Z-89 FETCHES
READS BYTE 1 BYTE 2

AVR?J:BLE G 4|:>
WAIT
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[ e > > |
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2405 " o 3 TU-ART 1
e
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Table3 J2Parallel A

f

Pin Name .S'gn?l Voltage Function
Direction| Level
1 Invert Input TTL Used for normal/reverse
address switching. See
discussion under ‘‘Switch
Selectable Options.”’

2 Input Strobe A Output | TTL When active indicates that
data present on input bits
0 -7 is being sampled.

3 Vcee Output +bV

4 Bit6 Input TTL

5 Bit 4 input TTL

6 Bit 2 Input TTL

7 Bit @ input TTL

8 Disable Input TTL Turns the output drivers for
the parallel output bits OFF.

9 Qutput Strobe A | Output TTL Indicates that data is present
on parallel output bits @-7.

10 Bit6 Qutput TTL

11 Bit 4 Qutput TTL

12 Bit 2 Qutput TTL

13 Bit @ Output TTL

14 Signal Ground Output ov

15 SENS A Input TTL Interrupt request, input to
IC 4 5501 (A)

16 Bit 7 Input TTL

17 Bitb Input TTL

18 Bit 3 Input TTL

19 Bit 1 Input TTL

20 NMI Input TTL Non maskable interrupt.
This pin is tied directly to
pin 12 of the S-100 bus.
Consult the Z-80 manual for
use. Only usable with the
Cromemco ZPU card.

21 Wait Input TTL This pin is tied directly to
pin 72 (PRDY) of the S-100
bus. Forces the CPU to wait
when held low.

22 Bit7 Output TTL

23 Bit5 Output TTL

24 Bit 3 Output TTL

25 Bit 1 Output TTL

LY~
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Table 4 J3 Parallel B

S — ———

Pin Name Disrg:r;?; n Vf:;?e Function

1 Invert Input TTL Used for normal/reverse address
switching. See discussion under
#Qwitch Selectable Options.”

2 Input Strobe B | Output TTL When active indicates that data
present on input bits @-7 is being
sampled.

3 Vcc Qutput | +5V

4 Bit6 Input TTL

5 Bit 4 Input TTL

6 Bit 2 input TTL

7 Bit @ Input TTL

8 Disable Input TTL Turns the output drivers for the
parallel output bits OFF.

9 Output Strobe B| Output TTL Indicates that data is present on
parallel output bits 0-7.

10 Bit 6 Qutput | TTL

11 Bit 4 Qutput | TTL

12 Bit 2 Qutput | TTL

13 Bit @ Qutput | TTL

14 Signal Ground | Output | @V

15 SENS B Input TTL Interrupt request, input to IC 5
5501 (B).

16 Bit 7 Input TTL

17 Bit5 Input TTL

18 Bit 3 Input TTL

19 Bit 1 Input TTL

20 PRESET Input TTL Preset. This pin is tied directly to
pin 75 of the S-100 bus. Consult
the Z-80 manual for use. Only
usable with the Cromemco ZPU
card.

21 Wait Input TTL This pin is tied directly to pin 72
(PRDY) of the S-100 bus. Forces
the CPU to wait when held fow.

22 Bit 7 Qutput | TTL

23 Bit b Qutput | TTL

24 Bit 3 Output | TTL

25 Bit 1 Qutput | TTL

17



TUART Digital Interface

4.2 Serial Ports

Device A and Device B each have a bidirectional
serial port with RS-232 and current joop buffering.
The 1/0 connectors J4 and J5 provide access to these
signal lines, along with several control lines. A full

listing of the J4 and J5 pin assignments is shown in
Tables 5 and 6.

Figure 7 shows how flat wire cables should be con-
nected to the TU-ART. Figure 8 shows a suggested
wiring diagram.

e _
Table5 J4Serial A
I #
. Signal | Voltage )
Pin Name Direction| Level Function
1 FRAME GROUND --- Not connected on PC board.
This pin should be tied to
the chassis at the back panel
if an RS232 terminal is being
used.
2 | INPUT A Input +12v | RS232 data input.
3 |OUTA Output | ¥12v | RS232 data output.
4 | NC
5 | NC
6 | DSR Quiput | +12V RS232 data set ready. Tied
to +12V through 1.5k (R5)
on the PC board.
7 | SIGNAL GND ov RS232 signal ground
8 | CTS Output | +12V RS232 clear to send. Tied
to +12V through 1.5k (R4)
on PC board.
9-16| NC
25 | TTY Output - Data output current loop —
PRINTER A (-) {current sink)
23 | TTY Output | +12V Data output current loop +
PRINTER A (+) {current source)
17 | TTY Input +12V Data input current loop +
KEYBD A (+) (current source)
24 | TTY Input bV Data input current loop —
KEYBD A (-) {current sink)
1822| NC
26 | NC

12
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Table 6 J5serialB

. Signal | Voltage .
Pin Name Direction | Level Function
1 FRAME GROUND| --- Not connected on PC board,
This pin should be tied to the
chassis at the back panel if an
RS232 terminal is being used.
2 INPUT B Input 112V | RS232 data input.
3 OuUTB Output | £12V | R5232 data output.
4 NC
5 NC
6 |DSR Output | +12V | RS232 data set ready. Tied
to +12V through 1.5k (R5)
on PC board.
7 SIGNAL GND - av RS232 signal ground.
8 CTS Qutput | +12V | RS232 clear to send. Tied
to +12V through 1.5k (R4)
on PC board.
9-16 | NC
25 [TTY Output Data output current loop —
PRINTER B (-) (current sink)
23 |TTY Qutput | +12V | Data output current loop +
PRINTER B (+) (current source)
17 |TTY Input +12V Data input current loop +
KEYBD B (+) {(current source)
24 |TTY Input -5V Data input current loop —
KEYBD B (-) {current sink)
18-22 | NC
26 |NC

19
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Figure7 cable Connection
SERIAL
B
J5

SERIAL
CABLE STRIPE*

PARALLEL

PARALLEL

CABLE STRIPE*

*NOTE: Some ribbon cables may feed the female connector from the side
opposite that illustrated in this figure. In all cases, the cable stripe must
be aligned with the arrow head on the TU-ART legend.

20
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Figure 8 Terminal To TU-ART Cable
—
Pin # Pin #
TXD
TU-ART RXD Terminal
DB 25-S | connects connects | DB 25-S
Female to
Connector GND gzr::(leitor
DB 25P
Male Connector DB 25P
156 ft.
(length optional) Male Connector
= >
The jumper connection between pins 4, 5, 6, 8 and
20 may not be required since some terminals have
internal pullups on these lines.

This is a diagram of the cable required to connect a

serial RS-232 1/0 device {such as a CRT terminal} from
the DB 25-S socket of the TU-ART cable (model TRT-

CBL) to the DB 25-S connector of the RS-232 device.
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4.3 Originate
Mode Modification

The TU-ART board is factory wired in the answer
mode for both serial 1/0 channels A and B. That is,
serial data is input to the TU-ART at J4 or J5 pin 2
{RS232 IN) and serial data is output from the TU-ART
over J4 or J5 pin 3 {RS232 OUT). In this context,
the TU-ART is playing the role of the computer end
of a serial line which is attached to a remote terminal.

The TU-ART may be re-configured in the originate
mode (that is, the TU-ART assumes the role of the
remote terminal) by cutting foil traces and installing
jumper wires as described below.

There are two vertical rows of pads located between
connectors J4 and J5 (see illustration ahead). Device A
and Device B may be independently configured in
either the answer or originate modes.

To configure either device in the originate mode:

1) Cut the trace connecting the top and bottom
pads on the appropriate device side (the trace
connecting 2" and “IN").

Cut the trace connecting the middle two pads on
the appropriate device side (the trace connecting
“3' and “OUT").
Install an insulated jumper wire between pads
“2" and “OUT.”

2)

22

4) Install an insulated jumper wire between pads
ll3ll and IIIN‘II

DEVICE A ANSWER
DEVICE B ORIGINATE

BOTH
ANSWER MODE

A B A B
2 2 2 2
3 3 3 3
ouT @ g:‘ ouT ouT EZ ouT
IN IN IN

4.4 Spare RS232
Drivers And Receivers

There are two uncommitted sections in IC 9, a
75189 Receiver. Pads for jumper wires have been provid-
ed at pins 1,2, 3 and at pins 11, 12, 13.

There are two uncommitted sections on IC 11,
a 75188 driver. Pads have been provided at pins
4,5, 6 and at pins 8,9, 10.

These uncommitted sections are shown on the
schematic diagram.
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Programming Examples

5.1 1-SEG Metronome

This program rings the console bell at 1-second in-
tervals using Z8® mode interrupts. 1t is provided as an
example of TU-ART operation. It is assumed that the
CRT or terminal being used will be connected to serial

g814 ;

ge1s5 ;
pooa 0016 ORG

pa17 ;
pl1oe F3 ¢@18 TUART: DI
141 319603 @019 LD
6104 3E00 0020 LD
P16 D354 B2l ouT
#1898 3EB9 ga22 LD
#18A D382 gO23 ouT
219C 3g01 0024 LD
g16E D383 @025 oUT
9110 3EQ0 2026 LD
#112 D353 0027 ouT
p114 3EB2 0e28 LD
@116 ED47 3229 LD
¢118 EDSE 8030 IM2
#11a CD2891 0231 CALL

ga32 ;

8833 ;

ge34 ;

2835 ;

00836 ;
#11p C31D01 @337 HERE: Jp

PB38 ;

2839 ;

ggan ;
g120 @5 9841 TIMER: DEC
4121 C22a01 2942 JP
6124 3E27 geg43 LD
fgl126 D341 po44 ouT
$128 067D @945 INIT: LD
#12a 3E7D gode TM2: LD
g12C D385 gaa7 ouT
B12E FR 2048 EI
Al12F C9 ha49 RET

Be59 ;

gas1 ;
2130 BB52 ORG
2286 2001 g@53 DW
@282 (9000) @054 END

Errors %]

What follows is an infinite loop.
instead be some useful program entirely
unrelated to the Timer program.

ports @ and 1 of the 4FDC and that this program will
be loaded and executed from the disk.

Set TU-ART switches 1, 6, 7, and 9 OFF; all other
switches on the TU-ART DIP switch should remain
ON. This addresses Device B at base port 5@H and
Device A at base port 80H. Note that Timer 1, Device
A is used to generate the interrupt below.

1006H

SP,30AH

A,0 ;Select Nevice B (see

54H, A ssoftware ADDR-REVERSE).

A,9 :Reset Device A & enable

82H,A ;interrupt ack. response.

A,l ;Mask out all interrupts but

83H,A sthose from Timerl, Cevice 2

A,0 sMask out all interrupts

53H,A ;from Device B.

A,2 ;Select page 2

I,A ;for interrupt vectors.
;Interrupt mode 2 (280 mode).

INIT ;Initialize the Timer.

It could

HERE

Interrupt Service Routine.

B

NZ,TM2

A,7 ;Outputting 7 (°C) to the

1,A sconsole will ring the bell.

BR,125 ;Multiplier factor.

A,125 :Count for Timerl.

85H,A ; (125 * 64 usec = 8 msec)
:Enable interrupts before
;going to label HERE.

280H

TIMER ;:Interrupt vector, Timerl
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5.2 Initialization Subroutine

geol ;
2002 ;
2003 ; TUART PROGRAMMING EXAMPLES
gga4 ;
@95 ;
aggo6 ;
(2000) 2907 ABASE: EQU 4] ; BASE ADDRESS DEVICE A
(PR5@) J3@8 BBASE: EQU 5@¢H ;BASE ADDRESS DEVICE B
gae9 ;
(3aCa) @G@1l@ BAUDA: EQU gCQH ;9600 BAUD,ONE STOP BIT
(00021) @@ll BAUDB: EQU 1 :110 BAUD, TWO STOP BITS
(008) @g@l2 ABDR: EQU ABASE ;BAUD RATE PORT A
(0@50) 0@l13 BBDR: EQU BBASE ;BAUD RATE PORT B
gel4d ;
(0009) g315 RESET: EQU 9 ;RESET+INTA COMMAND
(06B2) g@l6e ACMD: EQU ABASE+2 ;COMMAND PORT A
(8052) ﬂﬂig BCMD: EQU BBASE+2 ;COMMAND PORT B
g0 H
(2308) 7919 MASKA: EQU g ;NO INTERRUPTS FROM A
(0200) P20 MASKB: EQU ] ;NO INTERRUPTS FROM B
(0083) gg21 AMSK: EQU ABASE+3 ;INTERRUPT MASK PORT A
(8@53) gp22 BMSK: EQU BBASE+3 ;INTERRUPT MASK PORT B
gg2d4 ;
g@25 ; EXAMPLE 1 -~ INITIALIZATION ROUTINE
2026 ;
g@27 ; SUBROUTINE INIT:
P28 ; CALLING PARAMETERS: NONE
2029 ; RETURN CONDITION:TUART INIT'ED
0030 ;
@031 ;
gopo ga32 ORG 100 0H
1900 F5 @33 INIT: PUSH AF ; SAVE STATE
1901 3E09 o34 LD A,RESET ;GET COMMAND
14903 D3@2 ge35 ouT ACMD, A ;:DEVICE A RESET
1995 D352 @036 ouT BCMD,A ;DEVICE B RESET
@337 ;
1007 3EQ8 0938 LD A, MASKA ;GET INTERRUPT MASK
1989 D383 g@39 ouT AMSK,A ;MASK A SET
199B 3E00 0040 LD A, MASKB ;GET INTERRUPT MASK
198D D353 o4l ouT BMSK,A ;:MASK B SET
: @42 ;
100F 3EC@ gYa3 LD A, BAUDA ;GET BAUD RATE
1¢11 D309 @44 ouT ABDR,A ;RATE A SET
1213 3EQL ggas LD A, BAUDB ;GET BAUD RATE
115 D354 pR46 ouT BBDR,A ;RATE B SET
1917 Fl @47 POP AF ;RETRIEVE STATE
1¢18 C9 g048 RET

24
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5.3 Character Output Subroutine

1919
191A
141C
101E
1020
1921
1923

(0000)
(oe@l)
(0089)

F5
DB @
E680
28FA
Fi
D3g1
C9

PB50
poB51
B52
pa53
9054
ga55
g@a56
pes7
ge58

~e We e ma me We N N

0059 ASTAT:
gged ADATA:
pgoel TBE:

gge62

g@63 CHROUT:
g064 SCHK:

@065
g@g66
pge7
gg68
PB69

EXAMPLE 2 -- SUBROUTINE TO TRANSMIT A CHARACTER
TO DEVICE A

SUBROUTINE CHAROUT:
CALLING PARAMETERS: ASCII CHR. IN REG. A

RETURN CONDITION:CHARACTER SENT

EQU ABASE+@ ;STATUS REGISTER A
EQU ABASE+1 ;DATA REGISTER A

EQU 80H ;BUFFER EMPTY BIT
PUSH AF ;SAVE THE CHARACTER
IN A,ASTAT ;READ STATUS

AND TBE ;TRANSMIT BFR. EMPTY?
JR Z,SCHK ;LOOP UNTIL READY

POP AF ;RETRIEVE CHARACTER
ouT ADATA,A ;TRANSMIT IT

RET ; DONE

5.4 Character Input Subroutine

1924
1026
1828
192A
192C

(0040)
DB@#@
E640
28FA
DB@1
c9

Pa71
2872
pe73
0074
poe75
376
go77
@078
pB79
po8Y
ge8l
9082
po83
pos4d
0085
pg86

Wb we WE Wz NE We M N W v

RDA:
CHRIN:

EXAMPLE 3 =-- SUBROUTINE TO READ A CHARACTER
FROM DEVICE A

SUBROUTINE CHRIN:
CALLING PARAMETERS: NONE
RETURN CONDITION: ASCII CHR IN A
Z FLAG RESET

EQU 49H ;DATA AVAILABLE BIT
IN " A,ASTAT ;GET STATUS

AND RDA ;RCVR DATA AVAIL?
JR Z,CHRIN ;LOOP TILL READY

IN A,ADATA ;READ CHARACTER

RET ; DONE

25
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9
5.6 “Echo” Program

0088 ;
@989 ;
0090 ;
ggel ;

182D #9992

(2200) #p93 STACK:

glo0 310002 0094

103 CD@ggle @095

@16 CD2414 @gp96 READ:

$109 CD1910 0097

¢glpC 18F8 2098
3399 ;

91 0E (p02a) gio0

Errors 2

EXAMPLE 4 -- "ECHO" PROGRAM FOR DEVICE A
ORG 1808

EQU 20@0H ;STACK AREA

LD Sp,STACK ; SET STACK POINTER

CALL INIT ;RESET TUART

CALL CHRIN ;WAIT FOR AN INPUT

CALL CHROUT ;NOW SEND IT BACK

JR READ ; LOOP

END

26
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Theory Of Operation

6.1 Introduction

The TU-ART has ten functional blocks supporting
the TMS 550 1s:

Power Supply Three IC regulators and a zener diode
are used to generate 5 and £12 volts.

Crystal Controlled Clock An 8 MHz crystal oscilla-
tor is used as an on-board reference to control the
internal state machine and to drive the @1 and 02
clocks of the TMS 5501s.

Address Select Two four-bit address comparators
generate base address select signals when the four most
significant device address bits of an input or output
instruction agree with one of the two base address
switch settings on the TU-ART. The base address
select signals enable the appropriate TMS 5501 (de-
pending on the current state of the Address Reverse
multiplexer).

Function Decode The four function address pins on
the TMS 5501s are driven by a read only memory
addressed by the lower four bits of the 5-100 address
bus and status signal WO. The ROM also generates
signals for internal bus control.

State Sequencer The internal state sequencer starts up
whenever the TU-ART is addressed and cycles the in-
ternal bus through an 8@80 M3-like sequence. The
sequence starts with a SYNC pulse to the 55@01s while
the internal data bus is strobed with status information
appropriate to the type of cycle requested by the
processor (IO read, 10 write, or Interrupt Acknowi-
edge); continues while data is written or read; and
terminates after signalling READY to the processor.

Status Strobe Data bus pins D@ and D1 are controlled
by the status strobe circuit during internal SYNC time
to select the proper TMS 5501 operation.

Bus Multiplexers The internal data bus is time multi-
plexed (for status information), direction muitiplexed
{depending on the type of cycle: read or write), and
path multiplexed (depending on the particular read-
type function being performed) -under control of the
state generator and three-state bus drivers.

Serial Interface The TTL level serial output signal
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from the TMS 55015 is converted to EIA RS/232 levels
and to a teletype compatible current switch. Serial
input may be from either EIA or teletype.

Parallel Interface TTL Bus buffers drive the parallel
ports. Handshaking signals are controlled by the func-
tion decoder ROM,

Priority Chain A ripple priority resolver controls Data
bit D@ (INTA) on each TMS b5@1 during SYNC time.
This prevents both devices from responding to an
Interrupt Acknowledge cycle from the processor when
both devices have active interrupt requests. The priori-
ty chain is expandable to multiple boards.

These ten blocks, which are listed in the approxi-

mate order of attack for troubleshooting, will be dis-
cussed in detail below.

6.2 Power Supply

The TMS 556@1s require three power supplies: Ve =
+5, Vpp = +12, and Vgg = -5. A -12V source is created
by zener diode D1 for the EIA line driver and receiver
IC’s. The +12 supply is used by the EIA line drivers,
the TTY interface, and the @1, @2 clock drivers. The
-5 supply is used by the TTY interface.

6.3 Crystal Controlled Clock

An 8.000 MHz crystal oscillator generates the TU-
ART’s timebase. A two-phase, 2MHz clock is derived
from the IC41P8 (@P2TTL) and I1C42P6 (Q1TTL).
These signals are followed by high voltage inverters
to generate the 12 volt clocks for the TMS 5501s.
Transistors Q1 and Q2 form edge-active pullups for the
inverters. A 75 pf - 330 ohm differentiator network on
the base of each transistor coupies a spike from the
falling edge of the TTL input into the base. This
switches the transistor on briefly and pulls the collec-
tor to +12 volts. A 47 ohm series resistor in the clock
lead reduces ringing and overshoot. The rising edge of
the TTL input turns on the 7406 inverter which pulls
the collector of the transistor (now off) back to
ground.

The state generator is clocked by @2TTL and
@P2TTL outputs from IC41P9 and 1C41P8.

Clock waveforms are summarized in Figure 9.




TUART Digital Interface

o — ——

Figure9 Clock Waveforms

N
——*‘ ’+———-62.5ns
P W
8.000 MHz O
>
‘_
-
IC39P12 O
>
i
ICa1P5 3
>
'_.
—
ICa1P82 O
=
— 5
ICa2P6 01 3
>
l——
1
BASEQ2 O
>
- i
BASEQ1 3
>
5
550101 3
>
}-—
550102 & 250ns |\ 250ns |~
>

28



TUART Digital Interface

6.4 Address Select

Four-bit address comparison is performed by open
collector exclusive or gates IC46 and 1C47. Incoming
address lines are deglitched and inverted by 74L04
inverters, then ex-ored with 4 bits from the DIP switch
base address select positions. A closed switch matches
a 1" on the Address bus; an open switch matches a
“@"" on the Address bus; when all four bits match
and SOUT or SINP is active then the open collector
wired — and node will go high. If the node at RN2P7
is high Base Address B is being selected. If RN2P5 is
high Base Address A is being selected. When Device A
is addressed 1C43P6 pulls down the Device B select
node to prevent bus conflict if both base addresses
accidentally have been set equal. When either Device
select is active 1C4QP10 goes low, enabling the Func-
tion Decoder ROM. Multiplexer 1C35 performs Base
Address reversing when its select pin goes low. In the
normal case Device A select enables the CE driver of
IC4, while Device B select enables the CE driver of
IC5. Base address reversing enables [C5 in {C4's place
and vice versa. The select pin of the MUX, IC35P1
is controlled by the signa!l applied to J2P1 or J3P1; or,
if DIP Switch 2 is closed, by IC4P31 (the MSB of
Device A's output parallel port).

6.5 Function Decode

TTL PROM IC28 is enabled when IC28P 15 goes low
(which occurs at the beginning of Input and Output
cycles). 1C28 is not enabled during interrupt acknowl-
edge. When IC28 is enabled, it supplies function ad-
dress signals to the 4 address pins of the 55@01s. 1C28P5
goes low during 1/O operations involving the parallel
ports and drives IC1, a decoder chip which generates
Input and Output strobe signals. 1C28P6 goes low
during Output cycles. This signal controts the incoming
bus buffers, generates a state-cycle request by pulling
down 1C24P10, and is strobed on the internal data bus
bit D1 at SYNC time by 1C43P3. IC28P7 goes low dur-
ing INPUT cycles. This signal controls the outgoing bus
drivers and generates a state-cycle request by pulling
down [C24P9. This signal is not active (floats} during
INTA cycles. 1C28P9 goes low when the status port of
the TMS 55@1s is read. This signal controls an internal
data path from the TMS 55@1s to the output data
latch, 1C44,

6.6 State Sequencer

The heart of the TU-ART is the state sequencer, a
four-stage shift register which times the status drivers
and data in/out circuits to form an 808@-like internal
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bus. The input to the state sequencer, IC25P2, is the
signal from |C36P6 (IOREAD + IOWRITE + INTER-
RUPT ACKNOWLEDGE). While this signal is low, the
state sequencer is held in a reset state by direct clear
pins 1 and 13 of ICs 25 and 12. When the input goes
high a high level will be shifted to IC25P5 at the first
falling edge of @2. 1C23P8 then goes high, generating a
SYNC signal at Pin 19 of both TMS 550@1s and turn-
ing on status strobe driver 1C18 through IC40P6 and
IC43P1.

The state sequencer is now clocked by the rising
edge of @2, shifting a high level to IC25P9, IC23P 10
goes low and remains low until the state sequencer is
reset at the end of the 1/O cycle. The status strobe
drivers are shut off. The TMS 5501 now arranges
internal data paths according to the address and status
information it received during SYNC time. If the TU-
ART is in an IOWRITE cycle the S-10@ DO bus receiv-
ers |C18 and 1C30 are enabled.

The state sequencer is clocked for a third time by
(2 falling edge, propagating the high leve! at 1C25P9
to IC12P5. The Gate input of the DI bus latch is
raised ({C44P11). The PRDY driver IC16 is disabled,
signalling “READY"” to the CPU, and releasing the
bus from its WAIT condition.

The final change in state occurs on the rising edge
of 02 when IC12P8 goes low. This shuts off the DI
latch gate. The state sequencer has completed its cycle
and remains in this state until the processor terminates
the 1/0 cycle.

State sequencer timing is summarized in Figure 10.

6.7 Status Strobe

__The TMS 5601s have no control pins for DBIN or
WR; instead the ICs monitor bits D@ and D1 of the
data bus during SYNC for status information. 1f D@
is high during SYNC, an Interrupt Acknowledge cycle
is beginning, and the 5501 will send data to the bus
during “T3” of the cycle. If D1 is high an IOREAD
operation is beginning and the 5501 whose CE pin was
high during SYNC will access the internal register
addressed by A3-AQ and present data to the bus at
“T3"” of the cycle. If D1 is low during SYNC, an
IOWRITE operation is beginning and the 5501 whose
CE pin was high during SYNC will latch data from the
bus during “T3" of the cycle.

Bit D1 is controlied by an open collector nand,
IC 43, which is strobed by SYNC. Bit D@ is split into
D@A and D®B so that INTA can be sent to the TMS
55@1s individually. This is necessary because CE no
longer selects the chip during interrupt acknowledge.
Three-state driver IC18 controls D@A and D@B during
SYNC.
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6.8 Bus Multiplexers

The internal data bus which connects the two TMS
5501s will float while idle. At the beginning of a cycle
it is strobed by the status drivers as described in the
previous section. Following status the bus assumes one
of five configurations (see Figure 11).

1. 1OWRITE cycle: The S-10@ DO bus receivers
drive the internal data bus during WR - (T 2T2).

2. IOREAD (EXCEPT READ STATUS PORT):
The internal data bus is buffered by a set of
permanently-enabled 74367 sections, then
passed through another set of 74367s, enabled
by the assertion of READ and STATUS. These
74367s drive the output latch [1C44 which
latches during T3 of the internal cycle. IC44
has three state output drivers built in which
drive the S-100 D1 bus during DBIN - IOACTI-
VITY.

3. IOREAD STATUS: The buffered internal data
bus passes through the status bit select pocket
where bits from the 55@1 may be arranged arbi-
trarily in order to control flag bit assignments.
The “scrambled’” bits are then passed through
74367s which have been enabled by STATUS
going low. The output latch operates as before.

4. INTA MODE 0 (808@): During MODE @ INTA
the buffered internal data bus bits D3-D5 are
routed through 74367s straight to the output
latch. The remaining bits are passively pulled
high.

5. INTA Mode 2 (Z-80): During a mode 2 INTA
the buffered internal data bus bits D3-D5 plus
INTA B plus A7, A6 and A5 from Base address
A form inputs to a set of 74367s which drive the
output latch.

6.9 Serial Interface

Transmit output from the TMS 55@1 is inverted to
RS232 levels by 1C11 (1488). Output is also provided
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from a 7496 high voltage inverter for grounding a 20
mA current source or for TTL level output. The
RS232 output idles at -12v, the 7406 output idles at
ground (conducting).

Receiver input is taken from an RS232 line receiver,
1CO (1489). IC9 converts RS232 levels to TTL. When
a TTY keyboard is used, it switches the bias voltage on
ICO from +12 to -5 which causes TTL level switching
at the output.

The output of the 1489 idles at +5 volts.

6.10 Parallel Interface

Parallel inputs to the TMS 55@1 are TTL buffered
by 74367s. Parallel outputs are inverted and buffered
by 74368s to keep positive logic. The 74368s may be
three stated by grounding DISABLE. Strobe signals
are decoded by 1C1.

6.11 Priority Chain

The TU-ART will respond to an Interrupt Acknowl-
edge cycle from the processor when three conditions
are satisfied: 1) The processor has raised SINTA, the
Interrupt Acknowledge status signal, 2) one of the
TMS 55@1s is requesting interrupt (high level on
IC4P23 or IC5P23), and 3) no other device higher up
the priority chain is requesting an interrupt. The
priority chain input at J1 is used to clear 1C48, the
INTA enable flip flop. Suppose 1C4 (Device A} re-
quested an interrupt at the same time as 1C5 (Device
B). If Priority IN was being held low by a higher priori-
ty TU-ART, both sections of 1C48 would remain
cleared, disabling 1C23P5 and 1C23P6 from generating
SINTA status bits. When Priority IN is allowed to float
to +5, the next M1 occurrence will clock the two sec-
tions of 1C48 (M1 may be the start of an INTA cycle,
though it doesn't have to be). Both IC48P5 and
IC48P9 go high momentarily because both DEVICE A
and Device B have interrupts pending. However
IC48P6 ripples through IC13P3 to force IC48P9 low
in exactly the same manner as PRIORITY IN from J1.
Thus only DEVICE A actually receives the INTA
status bit and no bus eonflict is allowed.
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Application Notes

7.1 Cromemco TU-ART Interface For The Oliver Audio

Engineering

Mode OP-80A Paper Tape Reader (or any device requiring
a parallel port with hand shake)

This routine uses the TU-ART Sense lineasa DATA
READY flag for the parallel port:

@009: F3 DI DISABLE INTERRUPTS
0001: 3E 04 MVI A 04H GET INT. MASK FOR SENS
?003: D3 03 OUT @3 QUTPUTIT
0005: DB 00 IN 00 GET STATUS
0007: E6 20 ANI 20 ISOLATE INT. PENDING BIT
0009: CAOQ1 00 JZ  QOQ1H WAIT FOR NEW DATA
p0OC: DB @3 IN 03 CLEAR CAUSE OF INT.
OQ0OE: DB 04 IN 04 GET DATA FROM PARALLEL
PORT & GENERATE NACK
User routine
goes here.,
Example:
P@10: CD 12 E1 CALL PCHR PRINT ASCII CHAR.
0013: C3 00 9@ JMP QQQ@H DO AGAIN
CONNECT RDA TO SENSA LINE (J2 Pin 15)
CONNECT INPSTBA (J2 Pin 2) TO NACK
CONNECT THE EIGHT DATA LINES TO INPUT BITS -7 ON J2
(Pins 4-7 and 10-13)
CONNECT GND TO SIGNAL GND (J2 Pin 14}
CONNECT +5V TO VCC (Pin 3)
7.2 Using The
will conflict if the usual addresses of @QH and 50H are
TU-AHT In 4FDB SVStems used. We recommend 20H and 8@H for Device A base

The TU-ART is often used to provide additional 1/0
facilities in systems based around the Cromemco 4FDC
Disk Controller. Since the 4FDC has a built-in 1/O port
which is addressed at P@H (base address), the TU-ART
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address and Device B base address, respectively.

If CDOS is used, the TU-ART will be initialized for
you. If CDOS is not used you must be certain to ini-
tialize both sections of the TU-ART (even if only one
section is used) to prevent spurious interrupts.



DEC CHAR DEC “ CHAR | DEC | CHAR | DEC CHAR
P00 CTRL-@ 033 266 3 799
01 CTRL-A 034 " 7367 c
De2 CTRL-B 768 D 104 d
003 CTRL-C 035 # 769 £ 101
opa CTRL-D ?36 3$ 102
037 % 370 F 103 g
P05 CTRL-E 038 & 071 G 104 n
006 CTRL-F 039 ’ 072 H
007 CTRL-G 373 i 105 i
008 BS 040 { D74 J 106
209 HOR.TAB @41 ) 107 k
7942 * B75 K 108 %
B1D LINE FEED 043 * 976 L 109 m
911 VERT.TAB P44 877 M
012 FF 778 N 116 n
%13 CR 045 @73 0 111 o
P14 CTRL-N (46 . 112 n
P47 / 3806 P 113 g
015 CTRL-O 048 ] 081 a 114 r
016 CTRL-P P49 1 082 R
017 CTRL-Q 083 S 115
018 CTRL-R P50 2 784 T 116
019 CTRL-S 051 3 117
052 4 085 J 118 Y
020 CTRLT 353 5 788 118 W
021 CTRL-U 054 8 787 W
0622 CTRL-V 788 ¥ 12¢ X
023 CTRL-W 955 7 389 121 i
P24 CTRL-X 756 8 122 z
$57 3 el z 123 {
@25 CTRL-Y 758 : 291 [ 124 i
026 CTRL-Z ?59 ; 082 N
027 CTRL-[ 093 ] 125 i
028 CTRL-\ 069 < 094 4 126 -
029 CTRL-] 261 = 127 DEL
062 > 095 -
030 CTRL4 963 ? 096 ’
031 CTRL-_ 064 @ 0§97 3
032 SPACE 065 A 098 b
CTRL = Control Character BS = Backspace
CR = Carriage Return FF = Form Feed
DEL = Rubout
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Parts List
B ———
Capacitors Part No. Resistors Part No.
C1 @.10 uF 004-0030 R1 1K 001-0018
C2 .05 uF 0OA-@027 R2 390 001-0013
C3 0.10 uF PP4-0030 R3 470 001-0014
C4 0.10 uF 004-0030 R4 1.5K 001-0020
Cb 0.05 uF 004-0027 R5 1.5K 001-0020
C6 10.00 uF P04-0032 R6 680 001-0016
c7 0.10 uF 004-0030 R7 18K 001-0032
cs 0.10 uF 004-0030 R8 18K 001-0032
c9 10.00 uF 0B4-0032 R9 470 2010014
c10 0.10 uF 004-0030 R10 15K 001-0020
Ci1 0.10 uF 004-0030 R11 1.5K 001-0020
c12 10.00 uF P04-0032 R12 680 P01-0016
Cc13 0.10 uF 0049030 R13 390 001-0013
c14 0.10 uF 004-0030 R14 1K P01-0018
C156 0.10 uF 004-0030 R15 1K 001-0018
C16 0.10 uF 004-0030 R16 330 0010012
c17 @.19 uF 004-0030 R17 330 001-0012
C18  75.00 pF 004-0007 R18 47 001-0003
c19 75.00 pF 004-0007 R19 47 001-0003
Cc20 10.00 uF 004-0032 R20 220 001-0010
c21 ?.95 uF 004-0027 R21 1K 001-0018
c22 10.00 uF 004-9032 R22 1K 001-0018
Cc23 30.00 pF 004-0003 R23 1K 001-0018
C24 010 uF 0040030 R24 1K 201-0018
C25 Q.10 uF P04-0030 RN1 47K DIP 003-0017
C26 Q.19 uF P04-0030 (15 resistors)
Cc27 0.10 uF 0p4-0030 BN2 47K DIP 003-0017
Cc28 6.80 uF 004-0034 (15 resistors)
C29 6.80 uF 004-0034
C30 0.10 uF 004-0030
C31 0.10 uF 004-0030
C32  300.00 pF 0040015 {C Sockets Part No.
. 2 40 pin sockets | 017-0006
Miscellaneous Part No. ] 20 pin sockets | 017-0004
1 Printed circuit board | ©@20-0017 23 14 pin sockets | ©16-0001
1 10 pole DIP switch ®13-0003 21 16 pin sockets | ©17-0002
4 26-pin cable sockets | 017-3022
1 Heatsink 021-0017
5 6-32 screws 015-0000 Diodes/Transistors Part No.
5 6-31 nuts $15-0013
8 2-56 screws ?15-0003 D1 1N4742 Zener | 008-0008
8 2-b6 nuts 015-0014 D2 TN914 008-0002
1 8MHZ crystal 026-0001 Q1 2N3906 P09-0002
1 TU-ART Instruction | ©023-0011 Q2 2N3906 009-0002
Manual
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Parts List
;
Integrated Circuits Part No. Integrated Circuits Part No.
IC 1 7442 010-0022 IC 25 74LS74 010-0055
IC 2 74367 910-0080 IC 26 7805 012-0001
IC 3 74368 010-0079 iC 27 7812 012-0002
IC 4 5501 ?11-0005 IC 28 74900 210-0083
IC b 5501 911-0005 iIC 29 7404 010-0074
IC 6 74367 ?10-0080 IC 30 74367 010-0080
ic 7 74368 P10-0979 IC 31 74367 010-06080
IC 8 74LS11 010-0062 IC 32 74367 010-0080
iIC 9 75188 010-0077 IC 33 74367 010-0080
IC 10 7406 010-0028 IC 34 741500 ?10-0069
S IC 1M 75188 010-0076 IC 35 74LS157 010-0046
iIC 12 741574 010-0055 IC 36 741504 010-0066
IC 13 741508 ?310-0064 IC 37 7905 012-0000
iC 14 74367 010-0080 IC 38 7406 010-0028
IC 15 74368 010-0079 IC 39 741504 010-0066
IC 16 74367 210-0080 IC 40 74SL04 P10-0066
IC 17 74368 010-0079 IC 41 74L574 010-pd55
IC 18 74367 010-0080 IC 42  74L500 ?10-0069
IC 19 74367 010-0080 iC 43 74L503 010-0067
iIC 20 74367 ?010-6080 iC 44 745373 010-0099
IC 21 74367 010-0080 IC 45 74L04 $10-0074
IC 22 74LS32 010-0058 IC 46 7415136 010-0050
IC 23 74LS08 310-0064 IC 47 74LS136 010-0050
IC 24 741511 010-0062 iIC 48 74LS74 010-0P55
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LIMITED WARRANTY

Cromemco, Inc. (“Cromemco”) warrants this product against defects in material and workmanship to the originat purchaser for ninety (90) days
from the date of purchase, subject to the following terms and conditions.

What Is Covered By This Warranty

During the ninety (90) day warranty period Cromemco will, at its option, repair or replace this Cromemco product or repair or replace with new or
used parts any parts or components, manufactured by Cromemco, which prove to be defective, provided the product is returned toan Authorized
Cromemco Dealer as set forth below.

How To Obtain Warranty Service

In order to obtain warranty service, first obtain a return authorization number by contacting the Authorized Cromemco Dealer from whom you
purchased the product. Then attach to the product:

1. Your name, address and telephone number,
2. the return authorization number,

3. a description of the problem, and

4. proof of the date of retail purchase.

Ship or otherwise return the product, transportation and insurance costs prepaid, to the Authorized Cromemco Dealer. If you are unable to receive
warranty repair from the Authorized Cromemco Dealer from whom you purchased the product, you should contact Cromemco Customer Support
at: Cromemco, inc., 280 Bernardo Ave., Mountain View, Ca. 94043.

What Is Not Covered By This Warranty
Cromemco does not warrant any products, components or parts not manufactured by Cromemco.

This warranty does not apply if the product has been damaged by accident, abuse, misuse, modification or misapplica-
tion; by damage during shipment; or by improper service. This product is not warranted to operate satisfactorily with
peripherals or products not manufactured by Cromemco. Transportation and insurance charges incurred in trans-
porting the product to and from the Authorized Cromemco Dealer or Cromemco are not covered by this Warranty.

THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, WHETHER ORAL OR WRITTEN, EXPRESS OR
IMPLIED. ANY IMPLIED WARRANTIES, INCLUDING IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE, ARE LIMITED IN DURATION TO NINETY (90) DAYS FROM THE DATE OF
PURCHASE OF THIS PRODUCT. CROMEMCO SHALL NOT BE LIABLE FOR INCIDENTAL AND/OR CONSE-
QUENTIAL DAMAGES FOR THE BREACH OF ANY EXPRESS OR IMPLIED WARRANTY, INCLUDING DAMAGE TO
PROPERTY AND, TO THE EXTENT PERMITTED BY LAW, DAMAGES FOR PERSONAL INJURY, EVEN IF
CROMEMCO HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. SOFTWARE, TECHNICAL
INFORMATION AND FIRMWARE 1S LICENSED “AS I1S” AND WITH ALL FAULTS. THE AGENTS, DEALERS, AND
EMPLOYEES OF CROMEMCO ARE NOT AUTHORIZED TO MAKE MODIFICATIONS TO THIS WARRANTY, OR
ADDITIONAL WARRANTIES BINDING ON CROMEMCO ABOUT OR FOR PRODUCTS SOLD OR LICENSED BY
CROMEMCO. ACCORDINGLY, ADDITIONAL STATEMENTS WHETHER ORAL OR WRITTEN EXCEPT SIGNED
WRITTEN STATEMENTS FROM AN OFFICER OF CROMEMCO DO NOT CONSTITUTE WARRANTIES AND SHOULD
NOT BE RELIED UPON.

SOME STATES DO NOT ALLOW THE EXCLUSION OR LIMITATION OF INCIDENTAL OR CONSEQUENTIAL
DAMAGES OR LIMITATIONS ON HOW LONG AN IMPLIED WARRANTY LASTS, SO THE ABOVE LIMITATION OR
EXCLUSION MAY NOT APPLY TO YOU.

THIS WARRANTY AND THE STATUTE OF LIMITATIONS SHALL RUN CONCURRENTLY WITH ANY ACCEPTANCE
PERIOD. THIS WARRANTY IS NOT TRANSFERABLE. NO SUIT, LITIGATION, OR ACTION SHALL BE BROUGHT
BASED ON THE ALLEGED BREACH OF THIS WARRANTY OR IMPLIED WARRANTIES MORE THAN ONE YEAR
AFTER THE DATE OF PURCHASE IN THOSE JURISDICTIONS ALLOWING SUCH ALIMITATION, OTHERWISE NO
SUCH ACTION SHALL BE BROUGHT MORE THAN ONE YEAR AFTER THE EXPIRATION OF THIS WARRANTY.

This warranty shall not be applicable to the extent that any provision of this warranty is prohibited by any federal, state or
municipal law which cannot be preempted. This warranty gives you specific legal rights, and you may also have other
rights which vary from state to state.
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