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8 external user defined interrupts
Machine error and power fail

Two on-board 16-bit interval timers
Timer A, 10 ps/bit
Timer B, 100 ps/bit resolution

8-bit software controlled output discrete bus

Register-oriented architecture has 21
user-accessible registers
16-bit or 32-bit register configurations

Supports direct memory access (DMA) system
configuration
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Dose rate upset: 1.0E9 rads(Si)
Dose rate survival: 1.0E11 rads(Si)
Single event upset: < 25.6E-6 errors/device-day

Post-radiation AC/DC performance characteristics
guaranteed by MIL-STD-883 Method 1019 testing
at 1.0E6 rads(Si)

Latchup immune 1.5-micron CMOS, epitaxial,
double-level-metal technology

Packaging options:

132-lead flatpack

144-pin pingrid array
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1.0 Introduction

The UT69R000 is a radiation-hardened
high-performance microcontroller designed,
manufactured, and tested to meet the rigorous
radioactive environments. UTMC designed and
implemented the UT69R000 using an advanced
radiation-hardened twin-well CMOS process. The
combination of radiation-hardness, high throughput, and
low power consumption makes the UT69R000 ideal for
high-speed systems in satellites, missiles, and avionics
applications.

1.1 General Description

The UT69R000 is a versatile microcontroller designed to
meet real-time control type applications. Support
functions often found external to a microprocessor are
integrated within the microcontroller. Functions include
UART, interval timers, 10 external interrupt vectors, and
a 8-bit output discrete bus.

The UT69R000 core (machine) is a two port
microcontroller that accesses instructions from a 1M x 16
instruction port; a second port (64K x 16 data port) is
available for data storage. Data transfer acknowledge
allows the addition of wait states on the data port. The
machine performs overlapping fetches and executes
speeding instruction throughput. A 12 MHz operating
clock frequency provides up to 6 MIPS of throughput. A
later section of this data sheet expands on this concept.

The UT69R000 architecture is based on 20 16-bit
general purpose registers providing the programmer with
extensive register support. The UT69R000’s flexibility is
enhanced by the concatenation of 16-bit registers into
32-bit registers. In addition, all registers are available for
use as either the source or destination for any register
operation.

All UT69R000 circuitry is of static design. Internal
registers, counters, and latches do not require refresh as
with dynamic circuit design. Therefore the UT69R000
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can operate from DC to the upper frequency limit of 16
MHz. This type of operation is especially useful in power
critical application such as satellites.

The UT69R000 fully supports multiprocessor systems,
DMA, and complex bus arbitration. Bus control passes
among bus masters operating on the same bus. The bus
master can be one of several UT69R000s or any other
device requiring DMA.

The UT69R000 supports 15 levels of vectored interrupts.
Ten of these are external interrupts, all of which are
user-definable. All interrupts are serviced in order of

priority.

The UT69R000’s three basic instruction formats support
16-bit and 32-bit instruction. The formats are
Register-to-Register, Register-to-Literal, and
Register-to-Long-Immediate instructions.

Figure 3 shows the UT69R000’s general system
architecture.

1.2 General Operation

The UT69R000 reduced instruction set consists of 35
separate instructions, most of these instructions execute
in two clock cycles providing high-throughput. The
UT69R000 has a Harvard architecture which
incorporates two address and two data buses. One set of
address and data buses interfaces with instruction
memory (instruction port) and the other interfaces with
data memory (data port). The instruction port consists of
a 20-bit address bus and 16-bit data bus. The maximum
program length of any program is 1 mega-word. The data
port consists of a 16-bit address and data bus, allowing
access to 64K x 16 of data storage.

The instruction port is dedicated to the storage of
instruction code, however two instructions exist that
allow the instruction port manipulation by the machine.
These instructions are the Load Register from
Instruction Memory (LRI) and Store Register to
Instruction Memory (STRI).

DATA
16

CONTROL DAT
A
ADDRESS MEMORY

16

Figure 3. UT69R000 General System Architecture
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The UT69R000 begins operation by first generating an
address on the instruction port; valid data (instruction) is
then latched into the Primary Instruction Register (PIR).
After the machine stores the instruction in the PIR, the
machine begins execution of the instruction in the
Instruction Register (IR). If the present instruction in
the IR requires only internal processing, the machine
does not exercise the data bus. If the machine needs
additional data to complete the instruction the machine
begins arbitration for the data port.

Data port arbitration begins with the machine asserting
the Bus Request (BRQ) signal. The machine samples the
Bus Grant (BGNT) and Bus Busy (BUSY) signals on the
falling edge of the clock (OSCIN). When the machine
detects that the previous bus controller has relinquished
control of the bus, the machine generates a Bus Grant
Acknowledge (BGACK) signal signifying that it has
taken control of the bus (i.e., data port).

After the UT69R000 takes control of the bus, it
generates valid address and data information. If the

T-49-19-16

machine is interfacing to slow memory or other
peripheral devices that require long memory-access
times, the Data Transfer Acknowledge (DTACK) signal
extends the memory cycle time. By holding off the
assertion of DTACK, the slow device lengthens the
memory cycle until it can provide data for the machine.

The UT69R000 controls the vectoring and prioritizing of
interrupt service. Internal logic selects one of 15
interrupt vectors, each interrupt vector is allocated four
memory locations. Use the four memory locations to
store return from interrupt service address information
along with the interrupt service routine’s location. The
UT69R000 controls prioritizing of coincident interrupts.

Perform UART control and maintenance via
input/output commands OTR and INR. These
commands allow the programmer to read UART status,
and error information, as well as upload and download
information to the receive and transmit buffers
respectively.

Figure 4 shows an example of a system configuration.

. ,
INSTRUCTION MEMORY U, ll
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Figure 4. The UT69R000 Example System Configuration
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2.0 Register File

The UT69R000 has a register-oriented architecture. The
registers within the machine fall into two categories,
general purpose and specialized registers. All registers
are accessible to the programmer through the instruction
set. The programmer uses data from these registers to
perform arithmetic and logical functions, alter program
flow, detect various system and machine faults,
determine machine status, control UART and timer
functions, and exception handling.

2.1 General Purpose Registers

Figure 5 shows the UT69R000’s 20 general purpose
registers. The UT69R000 normally accesses these
registers as single-word 16-bit registers although the
machine can concatenate these registers into 32-bit
double-word register pairs. When the programmer uses
the general purpose registers as a double-word register
pair, the most significant 16 bits of the 32-bit words are
stored in the even-numbered register of the register pair.
For instance, if a 32-bit word is stored in Register Pair
XRé6, the most significant word is stored in register R6
and the least significant word is stored in register R7.

In addition to the 20 general purpose registers, the
UT69R000 has a 32-bit accumulator (ACC). The ACC is
normally a destination register, although under certain
circumstances it can be the source register (INR RD,
ACC). The accumulator retains the most significant half
of the product during a multiply instruction or the
remainder during a divide operation.

T-49-19-16

2.2 Specialized Registers

The UT69R000 has 13 special purpose registers. These
registers control machine configuration, report status,
and interrupts. Below is a list of the special purpose
registers. The values in the brackets indicate the
power-up condition.

1. Stack Pointer Register (SP) [XXXX (hex)]

2. System Status Register (STATUS) [XXXX (hex)]

3. UART Receiver Buffer Register (RCVR)
[XX00 (hex))

4. UART Transmitter Buffer Register (TXMT)

[XXO00 (hex)]

Pending Interrupt Register (PI) [0000 (hex)]

Fault Register (FT) [0000 (hex)]

Interrupt Mask Register (MK) [XXXX (hex)]

Status/Output Discrete Register (SW)

[XXFF (hex)]

9. Instruction Counter Register (IC) [0000 (hex)]

10. Instruction Counter Save Register (ICS)
[XXXXX (hex)]

11. Instruction Register (IR) [0000 (hex)]

12. Timer A (TA) [0000 (hex)]

13. Timer B (TB) [0000 (hex)]

PN

The instruction set provides access to most of the special
purpose registers.

2.2.1 Register Description

Stack Pointer Register

The UT69R000 uses the 16-bit Stack Pointer Register as
an address pointer on PUSH and POP instructions. The
machine pre-increments (POP) and post-decrements
(PUSH) the Stack Pointer contents. The programmer
loads and stores the SP by executing the INR and OTR
commands to the stack pointer. Bit 15 is the most
significant bit, the least significant bit is bit zero.

System Status Register

The System Status Register provides status information
on the UT69R000’s internal operation, including status
of the internal UART. Register is read via the INR Rd,
STATUS instruction. Bit definitions follow.

1514131211109 8 7 6 5 4 3 2 1 0

16BITS | 16BITs | CONCATENATED 32-BIT
RO R1 XRO
R2 R3 XR2
R4 RS XR4
R6 R7 XR6
RS RO XR8
R10 RI1 XR10
R12 R13 XR12
R14 R15 XR14
R16 R17 XR16
RI18 R19 XR18
ACCUMULATOR ACC

Figure 5. General Register Set
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Figure 6. The System Status Register (STATUS)
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Bit Number Mnemonic Description

. Bit 15 C Carry. This conditional status is set if a carry is generated
or no borrow. [0]

Carry Equations:
C = (Dm*Sm * Rm) + (Dm * Sm * Rm)
+ (Dm * Sm * Rm)
Where: Dm - destination register most significant bit
Sm - source register, most significant bit
Rm - result most significant bit (stored in
destination register)

Positive. This conditional status is set if the result of an
operation is positive. [0]

Positive Equation: P=N*Z

Zero. This conditional status is set if the result of an
operation is negative. [0]

Zero Equation: Z = Rm * Rm-1 * Rm-2 * RO

Negative. This conditional status is set if the result of an
operation is negative. [0]

Negative Equation: N = Rm

Overflow. This conditional status is set if the result when
an overflow condition occurs. [0]

Overflow Equation: —
V = (Dm*Sm*Rm) + (Dm * Sm * Rm)

Normalized. This conditional status is set as the result of a
long instruction and the result is normalized. [0]

Normalized Equation: J = (R32 XOR R31)

Interrupts Enabled. This bit reflects whether interrupts are
disabled or enabled. OTR Rd, ENBL and OTR Rd, DSBL
control this bit and function. [0]

Discrete Input 1. This bit reflects the input stimulus applied
to the input pin.

Receiver Error. This bit is the logical OR combination of OE,
FE, and PE status bits. [0]

Overrun Error. When active, this bit indicates that at least
one data word was lost because the Data Ready (DR bit 0 of
the Status Register) signal was active twice consecutively
without an INR Rd, RCVR. [0]

s

7
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Bit Number Mnemonic Description

Bit5 FE Framing Error. When active, this bit indicates a stop bit was
missing from the serial transmission string. Cleared on next
transmission. [0]

Bit 4 PE Parity Error. When active, this bit indicates the serial
transmission was received with the incorrect parity. Cleared
on next transmission. [0]

Bit 3 DI2 Discrete Input 2. This bit reflects the input stimulus applied
to the input pin.
Bit2 TBE UART Transmitter Buffer Empty. This bit indicates the

Transmitter Buffer Register is empty and ready for data.

[0]

Bit1 TE UART Transmitter Empty. This bit is low while the UART is
transmitting data and goes high when the transmission is
complete. [0]

Bit0 DR UART Data Ready. This active-high signal indicates the
UART received a serial data word and this data is available.
Cleared on the execution of INR Rd, RCVR. [0] .
UART Receiver Register (RCVR) 1514131211109 8 7 6 5 &4 3 2 1 0
The UART Receiver Buffer Register (see figure 7)
receives 9600-baud asynchronous serial data through the RIRIRIRIR|RIR|R
UARTIN input pin on the UT69R000. Each serial data cic|c|c]clcic|c
string contains an active-low Start bit, eight Data bits, an plplpiplplp|olp
odd Parity bit, and an active-high Stop bit. Figure 8 olo]loflo]o|o]o]lo|l7le]lslala]l2]1]0

shows a single serial data string.

MSB LSB

While receiving a serial data string, the UT69R000 S S

generates four status flags: Data Ready (DR), Overrun Fi 7. The UART Recei

Error (OE), Framing Error (FE), and Parity Error (PE). lg;;;fer Re;ilsjter (Rce‘c,;g er

The UT69R000 stores these bits in the System Status

Register.

Receiver buffer register bits 15-8 are always low. Bit

numbers, 7 to 0 (RCD7 - RCDO) contain data the S|[|R|R|R|R|R[R|R[R S

UT69R000 receives via the serial data port. RCD?7 is the DATA TJlIC|Cc|c|c|c|c|c|c||P|T

MSB; RCDO is the LSB. FLOW R|[o{o|D|D|D|D|D|D ||A|O
T]H0}1{2]|3|4a]|5]|6|7]||R|P

Figure 8. UART Receiver Data String

o
L
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UART Transmitter Buffer Register

The UT69R000’s internal UART forms an 11-bit serial
string by combining a Start bit, the eight Data bits from
the Transmitter Buffer Register, an odd Parity bit, and a
Stop bit. Figure 9 shows the composition of the serial
data string. The UT69R000 transmits this serial string
through the UARTOUT pin at a rate of 9600 baud
(TIMCLK = 12MHz).

49E D W 9343947 0002160 & EMUTM
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Two status signals are associated with transmitting serial
data. These signals are the UART Transmitter Buffer
Empty (TBE) and UART Transmitter Register Empty
(TE). TBE and TE are both active high and provide
information on the status of double buffering the
UART’s transmitted data. TBE and TE are read from
the System Status Register bits 2 and 1

respectively.

The UT69R000’s internal UART has a double-buffered
data transmission scheme (figure 10). The UT69R000
first loads the data for transmission into the Transmitter
Buffer Register. If the UART Transmitter Register is
empty, data from the Transmit Buffer Register
automatically transfers to the UART Transmitter
Register. At this time, the TBE bit goes active indicating
more data may be loaded into the Transmit Buffer
Register. This double-buffering scheme allows
contiguous transmission of serial data streams and also
decreases the UT69R000’s required overhead for the
UART interface. The UT69R000 loads the 8-bit
Transmit Buffer Register via the OTR Rd, TXMT
instruction.

DIRECTION
OF DATA
FLOW OUT
OF THE
UT69R000

<&~

Figure 9. UART Transmitter Data String

DATA BUS

UART TRANSMITTER BUFFER

REGISTER (TBR) STATUS OF THE
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D|D|D|D|D
clc|c|cCc|C
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REGISTER (OTR) INSTRUCTION

STATUS OF THE UART
TRANSMITTER REGISTER IS PITI|T|T
READ FROM BIT 1 AlX XX
OF THE SYSTEM STATUS R|7 6|5
REGISTER

UART TRANSMITTER
REGISTER

—

DIRECTION OF
DATA FLOW

Figure 10. The UT69R000 UART Double-Buffered Transmitter Register
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Pending Interrupt Register ‘
The Pending Interrupt Register (PI) contains 1514131211109 8 76 § 4 32 10
information on pending interrupts attempting to vector PIMITIUIFIUIUITI LTI ER L[] T]N
the Instruction Counter Register to a new location. WICIN|S|I|S|S]I|N|JI|N|N|N|N|N|/
Software or hardware controls the Pending Interrupt D|H|T|{R|P|R|R{M|T|IM|T|T|T|TIT|U
Register contents. Any system interrupt, when active, N|elola]|ol2|1]|al1|B|2|3l6lal7

sets the corresponding bit in the register. OTR and INR
instruction can also set, clear, and read the Pending MSB LS8

Interrupt Register (figure 11). Figure 11. The Pending Interrupt Register (PI)

Instruction INR Rd, PI stores the PI contents in the Example:
destination register. OTR Rd, PI loads the PI with the CLEAR: INR R1, PI
contents of the destination register. OTR Rd, RPI clears OTR R1, RPI

the PI register. For each bit set, to a logic one, in the
destination register the corresponding PI bit is cleared.
To clear the PI, first read the PI, then clear only the bits

To generate a software interrupt clear the corresponding
bit in the PI register before writing to the PI register.

set to a logic one. Reading, then clearing the PI prevents - Example:
the inadvertent clearing of interrupts occurring during WRITE: MOV R1, 1000 (hex)
execution of an OTR Rd, RPI command. OTR R1, RPI

OTR R1, PI

Note: Do not enable interrupts while the PI is non-zero.

Bit Number Mnemonic Description

Bit 15 PFAIL Power Fail o
Bit 14 MCHE Machine Error Interrupt

Bit 13 INTO External Interrupt 0

Bit 12 USR3 Software Interrupt 3

Bit 11 FIPO Fix Point Overflow

Bit 10 USR2 Software Interrupt 2

Bit 9 USR1 Software Interrupt 1

Bit 8 TIMA Timer A Interrupt

Bit 7 INT1 External Interrupt 1

Bit 6 TIMB Timer B Interrupt ‘
Bit 5 INT2 External Interrupt 2

10
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Bit 4 INT3 External Interrupt 3

Bit 3 INT6 External Interrupt 6

Bit 2 INT4 v External Interrupt 4

Bit1 External Interrupt 7

Bit 0 Not Used*

*Note:

The UT69R000 interrupt control hardware is designed such that the following sequence always occurs:

The machine will vector to the lowest priority interrupt (vector 43Chex) if interrupts are disabled after an interrupt is latched into the PI register.
Interrupts are latched into the PI register on the falling edge of STATEL, interrupts are disabled on the falling edge of clock CK1 internal (rising edge of
CK2). The UT69R000 vectors to address 43C (hex) during the fetch cycle of the command following the disable command.

Work Around: Vector 43C hex is not used as a normal interrupt; instead it is used to store the interrupt that occurred coincident with disabling of
interrupts. The coincident interrupt is serviced after the interrupts are re-enabled by software.

43C: INRRD, ICS
JCx, PSEUDO
NOP
PSEUDO: INRRD,PI ;read PI
OTR RD, RPI :clear P1
OTR RD, PI ;reset PI register, saves coincident interrupt
‘ CALLRD,RD ;return

The interrupt service routine saves the interrupt that was coincident with the disable interrupt instruction. The UT69R000 will vector to that interrupt
after interrupts are re-enabled. The interrupt service routine (@43C) does not affect the condition code flags.




UNITED TECH MELEC CENTER 49E D W 9343947 00021b3 1 EAUTM -

Fault Register

The UT69R000 uses the Fault Register (FT) to indicate
the occurrence of a machine-error fault. A
machine-error fault cannot be disabled. The UT69R000
uses the logical OR combination of the 16 bit FT to
generate a Machine Error interrupt, bit 14 of the PI. Any
bits in the FT the UT69R000 does not use are set to a
logic zero. The UT69R000 reads, writes, and clears the
FT with INR and OTR instructions. Fault Register bits
reflecting external pins are level sensitive; bit(s) cannot
be reset until the external signal is negated.

Bit Number Mnemonic
Bit 15 CMPF

Bit 14 DMPF
Bit 13 MCHNE2
Bit 12 SFT8

Bit 11 SFT7

Bit 10 BTERR2
Bit 9 SFT6

Bit 8 MCHNEI1
Bit 7 BTERRI1

T-49-19-16

1514131211109 8 7 6 5 4 3 2 1 0

S[ILLEGAL [R]BUILT- .
MEM | PARITY | /0 | Y| !NSTRUCS | ¢ TSt
PROT F| ADD FAULT| s

T
MSB LSB

Figure 12. The Fault Register (FT)

Description

CPU Memory Protect Fault. This bit indicates the UT69R000
has detected an access fault on the operand bus (i.e.,
attempted access to write or read-protected memory). This
bit is asserted only when UT69R000 is controlling Operand
Data Bus and the MPROT input is asserted. [0]

DMA Memory Protect Fault. This bit indicates a DMA

device has detected an access fault (i.e., attempted access to

write or read-protected memory). This bit is asserted when

the UT69R000 is not controlling the Operand Data Bus and

the MPROT input is asserted. .

Machine Error 2. This bit indicates that a user-defined
machine error has occurred. Reflects status of external input
pin MCHNEZ2.

Software Error 8. This bit indicates that a user-defined
software machine error has occurred.

Software Error 7. This bit indicates that a user-defined
software machine error has occurred.

I/O Bus Timer Error. This bit indicates that a bus or time-out
occurred. Bit is set if the UT69R000 is performing an I/O
access and BTERR input is asserted.

Software Error 6. This bit indicates that a user-defined
software machine error has occurred.

Machine Error 1. This bit indicates that a user-defined
machine error has occurred. Reflects status of external input
pin MCHNEL.

Memory Bus Timer Error. This bit indicates that a bus or ‘
time-out occurred. Bit is set if the UT69R000 is performing a

memory access and the BTERR iniut is asserted.

12
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‘ Bit Number Mnemonic Description

Bit 6 - SFT6 Software Error 6. This bit indicates that a user-defined
software machine error has occurred.

Software Error 5. This bit indicates that a user-defined
software machine error has occurred.

Software Error 4. This bit indicates that a user-defined
software machine error has occurred.

Software Error 3. This bit indicates that a user-defined
software machine error has occurred.

Software Error 2. This bit indicates that a user-defined
software machine error has occurred.

Software Error 1. This bit indicates that a user-defined
software machine error has occurred.

Software Error 0. This bit indicates that a user-defined
software machine error has occurred.
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Interrupt Mask Register _ 1514131211109 8 7 6 5 4 3 2 1 0
The Interrupt Mask Register (MK) contains one mask
bit for each of the 15 system interrupts. All bits in the PIMPLIFIFIE(FITIEITI I If1[1IN .
MK are set or reset under software control, setting bits WICIN|LIIIX|L{I|[N[I|N|N[{OIN]|O]|/
15 and 10 has no effect on the UT69R000’s interrupt DiRH|T|PlP|C|P|IM|TIMIT|(TILITIL|U
operation because these interrupts cannot be masked.
The UT69R000 reads and writes the MK with NIEIOJO[OjL]UJAJ1]B]2[3]1]4]2
instructions OTR Rd,MK and INR Rd,MK. A logical MSB LSB
one unmasks an interrupt; logic zero masks an interrupt.
Figure 13. The Interrupt Mask Register (MK)
Bit Number Mnemonic Description
Bit 15 NMI Non-Maskable Interrupt
Bit 14 MCHE Machine Error Interrupt
Bit 13 INTO External Interrupt 0
Bit 12 USR3 Software Interrupt 3
Bit 11 FIPO Fix Point Overflow
Bit 10 USR2 Software Interrupt 2 '
Bit9 USR1 Software Interrupt 1
Bit 8 TIMA Timer A Interrupt
Bit 7 INT1 External Interrupt 1
Bit 6 TIMB Timer B Interrupt
Bit 5 : INT2 External Interrupt 2
Bit 4 INT3 External Interrupt 3
Bit 3 INT6 External Interrupt 6
Bit2 INT4 External Interrupt 4
Bit1 INT7 External Interrupt 7
Bit 0 NU Not Used (see Note on page 11) .

14
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Status/Output Discrete Register 1514131211109 8 7 6 5 4 3 2 1 0
The Status/Output Discrete Register reports the C, P, Z,

. and N bits of the System Status Register along with CONDITION USER- DISCRETE

controlling the output discrete bus (OD(7:0)). Register STATUS DEFINED
bits C, P, Z, and N contain the same information as the (e
System Status Register bits 15, 14, 13, and 12. Control of
the output discrete bus is allowed via bit 0 through 7 of MSB LSB
this register. Use input and output instructions
INR Rd, SW and OTR Rd, SW to write and read this Figure 14. The Status Register Output Discrete (SW)

register. Use this register to restore the condition codes
after interrupt service routines.

Bit Number Mnemonic Description

Bit 15 C Carry

Bit 14 P Positive

Bit 13 Z Zero

Bit 12 N Negative

Bit11 U/D User-defined
@ i UD User-defined

Bit9 uU/D User-defined

Bit 8 u/D User-defined

Bit7 OoD7 Output Discrete 7

Bit 6 OD6 Qutput Discrete 6

Bit5 OD5 Output Discrete 5

Bit 4 OD4 Output Discrete 4

Bit3 OoD3 Output Discrete 3

Bit 2 OoD2 Output Discrete 2

Bit1 OD1 Output Discrete 1
. Bit0 ODo Output Discrete 0

.

15
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Instruction Counter and Instruction Register

The UT69R000’s instruction port interface consists of a
20-bit instruction address and a 16-bit data bus. The
Instruction Counter (IC) supplies the 20-bit address to
memory. The instruction read from memory is then
stored into the Instruction Register (IR, 16-bits wide).
The IR consists of two sets of internal latches, a Primary
Instruction Register latch (PIR, 16-bits wide) and the
Instruction Register latch (IRL, 16-bits wide). These two
sets of latches allow the UT69R000 to perform
overlapping memory fetch and execute cycles. This
means the UT69R000 performs a delayed branch when
the flow of the program is interrupted. A delayed branch
implies that the UT69R000 fetches and executes the
instruction following the branch condition before the
UT69R000 executes the first instruction at the branch
location.

Instruction Counter Save Register

The UT69R000 uses the Instruction Counter Save
Register (ICS) when servicing interrupts and branch
instructions. When an interrupt or branch occurs, the
UT69R000 saves the IC in the ICS. Read the ICS
immediately after entering the target routine to save the
return location before any other IC save occurs. The
UT69R000 reads the ICS using input instruction INR
XRd, ICS. Please note that the ICS read requires a
32-bit wide register.

Timer A and Timer B

Timer A and B registers are 16-binary counters.
Input/output instructions start, halt, read, and write
these counters. Timer A resolution is 10 ps per bit,
Timer B has a resolution of 100 ps per bit (TIMCLK at
12 MHz). Each timer generates a time-out interrupt
when the counter transitions from FFFF (hex) to 0000
(hex). Time intervals before interrupt are defined as the
difference between the loaded value and 0000 (hex). For
example, load Timer A with the value FFFE (hex), start
Timer A; an interrupt occurs 20 ps later as the timer
transitions from FFFF (hex) to 0000 (hex). The Pending
Interrupt Register reflects this time-out condition.

Modify the resolution of Timer A and B by scaling the
TIMCLK input. For example, to decrease Timer A
resolution from 10 us to 64 ps per bit, TIMCLK is
decreased to 1.88 MHz.

3.0 Instruction Port

Instruction port signals include a 20-bit address bus
RA(19:0), a 16-bit data bus RD(15:0), and two control
signals OE and WE. During instruction and data fetch
cycles OE is asserted (WE negated). Write operations to
the port asserts WE and negates OE. Primarily designed
for fast access of instruction information, the instruction
port does not allow for the inclusion of wait states.

T-49-19-16

The UT69R000 divides all operations into four distinct

time periods (CK1 through CK4). These time periods

are based on the processor clock. The UT69R000 '
performs a separate function during each of these four

time periods.

During CK1, the UT69R000 begins executing the
instruction in the Primary Instruction Register (PIR).
The instruction executed is the instruction the
UT69R000 fetched during the previous bus cycle. Also
during CK1, the instruction address for the next to fetch
from memory becomes valid. Thus the overlapping fetch
and execute cycles of the UT69R000. STATE] output
goes low, indicating the UT69R000 is executing an
instruction.

The UT69R000 begins variable width clock period CK2
after completing CK1. For 2 and 3 clock cycle
instructions CK2 remains one-half clock cycle in length.
During four clock cycle instructions CK2 is stretched to
one and a half clock cycles. The following conditions
extend time period CK2: (1) Executing a STRI
instruction, (2) Executing a LRI instruction, or (3)
Executing any instruction access to the operand port.
The UT69R000 also extends clock period CK2 because
the Operand Port arbitration process. The UT69R000
samples the logical AND combination of BUSY and .
inverted BGNT during CK2. If this combination is low,
time period CK2 extends until the combination of the
two signals is high, indicating the UT69R000 now
controls the Operand Port. STATET output remains low
for the entire CK2 time period.

At the beginning of CK3, STATEI goes high indicating
the next instruction is being fetched from memory. The
UT69R000’s operand address and data buses become
active at the beginning of CK3 along with the Bus Grant
Acknowledge (BGACK), M/1O, and R/WR signals. Data
Strobe (DS) asserts one clock cycle after the beginning of
CK3, one and a half clock cycles after the start of CK4.

Following CK3 is variable length clock period CK4. The
stretch of CK4 occurs during the following instruction
execution: (1) Executing a STRI instruction, (2)
Executing a LRI instruction, (3) Executing any
instruction with Long Immediate data (e.g., MOV Rd,
FFFFh), or (4) Executing any operand port access. After
time period CK4 starts, the transparent latches that
make up the Primary Instruction Register enable
allowing the UT69R000 to input the instruction from
memory.
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CK2

CK3

CK4

STATET EXECUTE| FETCH

X Valid Address

RA(19:0)

Valid Address

)( Valid Address )(

RD(15:0)

X Instruction Data X Instruction Dat{x Instruction Data X

Note:

1. Examples of two clock cycle instructions include (internal operations):

MOV R4, Rs
ADD Rd, Rs

Figure 15. Machine Cycle 1 (2 Clock Cycle Instructions) (1)

If the instruction being executed requires access to the
operand bus DS goes active. The UT69R000 samples the
Data Transfer Acknowledge (DTACK) on the next and
every subsequent rising edge of the processor clock. If
DTACK is not low, the UT69R000 extends time period
CK4 until DTACK become active or until an error
condition is detected -- either Bus Error (BTERR) or
Memory Protect (MPROT) becomes active. STATE]
remains high during the entire CK4 time period. Figures
15, 16, and 17 show the timing relationships for CK1,
CK2, CK3, and CK4 during 2, 3, and 4 clock cycle
instructions.

3.1 Instruction Port Operations

Most applications dedicate the instruction port to
program information, for these applications WE is
always negated. The UT69R000 can manipulate the
instruction port through instructions Store Register to
Instruction Memory (STRI, write access) and Load
Register from Instruction Memory (LRI, read access).

Section 3.1.1 and 3.1.2 review the STRI and LRI
instructions.

3.1.1 STRI Instruction Bus Cycle

During an STRI instruction, instruction data moves
from the UT69R000 to the instruction memory. Figure
18 shows the timing diagram of the signal relationships
for the UT69R000 during STRI Instruction Bus Cycle
Operation. Before the UT69R00 executes the STRI
instruction, the system programmer must load the
Accumulator Register with the address which will receive
the data. When the ACC is loaded with the address
information, the UT69R000 can begin executing the
STRI instruction.

Executing the STRI instruction begins when the falling
edge of OSCIN signals the start of time period CK1. At.
the beginning of CK1, the data previously stored in the
ACC becomes a valid address on the instruction port
address bus (RA(19:0)) and STATEL1 output becomes
active, indicating the UT69R000 is executing an
instruction.

17
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OSCIN

CK1

CK2

CK3

CK4

STATET EXECUT FETCH

RA(19:0) X Fetch Address Valid X Fetch Address valid}( D

RD(15:0) x Fetch Instruction )Getch Instruction x
STATUS ( Control Valid }
(M/10, R/WR)
ﬁ
US L
A(15:0) ad Address Valid DS
D(15:0) < Data Read >
Note:
1. Examples of three clock cycle instructions include (operand port accesses):
LR Rd, Rs
STRRd, Rs

Figure 16. Machine Cycle 2 (3 Clock Cycle Instructions) (1)

3.1.2 LRI Instruction Bus Cycle

During an LRI instruction, the UT69R000 moves the
instruction data from the instruction memory to the
UT69R000. Figure 19 shows the timing diagram of the
signal relationships for the UT69R000 during an LRI
Instruction Bus Cycle.

e

18

Just as with the STRI instruction, before the UT69R000
executes the LRI instruction the system programmer
must load the UT69R000’s accumulator with the address
from which the data will be read. After the ACC is
loaded with the address information, LRI instruction
execution can take place.

T-49-19-16
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CK2

CK3

CK4

)( Immediate AddressXFetch Address ValidX Fetch Address ValidX

EXECUTE FETCH

RA(19:0)

RD(15:0) X Immediate Data X Fetch Instruction X Fetch Instruction X

Control Valid

/
STATUS N\

(M/10, R/WR)
DS \

4
A(15:0) \

Address Valid Da

V4
D(15:0) { Data Read
Note:
1. Examples of three clock cycle instructions include (long immediate accesses):
MOV Rd, FFFF (hex)
ADD Rd, FFFF (hex)

Figure 17. Machine Cycle 3 (4 Clock Cycle Instructions)

Executing the LRI instruction begins when the falling 4.0 Operand Port
edge of OSCIN signals the start of time period CK1. At
the beginning of CK1, the data previously stored in the
ACC becomes a valid address on the instruction port
address bus (RA(19:0)) and STATET output becomes
active indicating the UT69R000 is executing an

instruction.

The UT69R000 Operand Data bus interface supports
multiple processor and direct memory access (DMA)
configurations. The Operand Address bus A(15:0), data
bus D(15:0), and memory control bus signals (DS,
R/WR, and M/IO) are TTL-compatible outputs that may
be placed in a high-impedance state. These signals are

The data on the data bus is read into the UT69R000 only active during bus cycles when the UT69R000 is the

during time period CK2. The function of the remainder
of the bus cycle (time periods CK3 and CK4) is the same
as for other instructions. STATEI is high, indicating the
next instruction is being fetched from memory and is
ready for execution during the next bus cycle.

current bus master. On other bus cycles, these signals
enter a high-impedance state so an alternate bus master
can control the port.
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..
N—
OSCIN
S
CK1
\\ ,I
cK2
N —
CK3
N 4
~ ~7
CKa
A
STATET
I
OE
- J
Y 7
WE 7
| A v
ADDRESS . X ADDRESS vALID (ACC) X NextappRess X
RISC s
DATA X XDATA VALID (RSn)—K X X
- /
STRI NEXT
INSTRUCTION INSTRUCTION

Figure 18. STRI Instruction Typical Timing

Four signals make up the arbitration control bus -- Bus

Request (BRQ), Bus Grant (BGNT), Bus Busy (BUSY),
and Bus Grant Acknowledge (BGACK) .

4.1 Operand Bus Cycle Operation

The timing diagram in figures 20, 21, and 22 show signal
relationships for the UT69R000 during an operand bus
cycle operation. The UT69R000 performs one of four
operations involving bus cycles on the Operand buses.
These bus cycles are: (1) Memory Read; (2) Memory
Write; (3) I/O Read; and (4) /O Write. The UT69R000
performs all four bus cycle operations similarly. The
M/IO and R/WR signals determine the precise type of
bus cycle operation. For the following discussion, refer
to figures 20, 21, and 22,

When the Operand bus arbitration process is complete
and the UT69R000 controls the Operand address and
data buses, time period CK3 begins. The UT69R000
signal controls the Operand port at the beginning of
time period CK3 by asserting BGACK. STATEL

e

20

transitions from low to high. At the same time, the
following signals become valid: R/WR, M/IO, and the
Operand Address bus RA(15:0). Control signals R/-WR
and M/IO determine the direction and type of bus cycle
taking place.

One-half clock cycle after the beginning of time period
CK4 or one full clock cycle after the start of time period
CK3, DS goes active low. After DS has asserted, the
UT69R000 samples the DTACK input on every
subsequent rising edge of OSCIN to determine the
duration of CK4. A bus cycle terminates one-half clock
cycle after the rising edge of OSCIN when the
UT69R000 detects assertion of DTACK. At this time,
the Operand Address Bus A (15:0) and the Operand bus
control signals (R/WR, M/IO) select the memory or /O
location from which the Operand Data is read, or to
which the Operand Data is written. The UT69R000 also
samples the MPROTand BTERR inputs on the same
rising edge of OSCIN. These two inputs indicate an
error condition and terminate the current bus cycle.




UNITED TECH MELEC CENTER

49E D WE 9343947 0002172 2 EEUTM

T-49-19-16

STATET

OE

WE

RISC
ADDRESS

X ADDRESS VALID (ACC) X NEXT ADDRESS X

saa X N4

X DATA VALID (RSn) X X X

LRI
INSTRUCTION

NEXT
INSTRUCTION

Figure 19. LRI Instruction Typical Timing

After the UT69R000 recognizes the current bus cycle is
finished, DS becomes inactive (transition from low to
high) on the first rising edge of OSCIN after the end of
time period CK4. The bus cycle completely ends one full
clock cycle after the end of time period CK4, when
BGACK, R/WR, and the Operand Address and Data
buses enter a high-impedance state.

4.2 DMA Operation and Bus Arbitration

Figure 22 shows the timing diagram of the signal
relationships for the UT69R000 during a DMA
operation. For DMA operations, multiprocessor, and
Operand bus arbitration functions, the UT69R000
provides four active-low control signals for managing the
Operand bus and preventing bus contention. These
signals are Bus Request (BRQ), Bus Grant (BGNT), Bus
Busy (BUSY), and Bus Grant Acknowledge (BGACK).

Each of the four bus control signals provides a specific
function for controlling Operand bus operation. The
function of each of the four signals is given below.

Bus Request (BRQ)

The UT69R000 generates BRQ to indicate a request to
use the Operand buses. The UT69R000 retains control
of the buses by keeping the BGACK signal active until it
no longer requires the buses.

Bus Grant (BGNT)

An external arbiter generates this input indicating to the
UT69R000 that it has the highest priority. This informs
the UT69R000 to control the Operand buses as soon as
the present bus master relinquishes bus control by
asserting BUSY.

Bus Busy (BUSY)

Another bus master generates BUSY input to the
UT69R000, indicating another bus master is using the
bus.

Bus Grant Acknowledge (BGACK)

The UT69R000 generates this signal to indicate it is the
present bus master. BGACK enters a high-impedance
state when the UT69R000 gives up control of the
Operand buses.
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BGNT ANDBUSY ARE SAMPLED .
ON THESE FALLING EDGES
OSCIN Q>/ %
—
CK1
N— —
——
CK2
]
CK3
CKa PRIMARY INSTR.
S REGISTER LATCHES —
EXECUTING THE RISC ARE OPEN
STATET | INRTRFETCHED DURING "FETCHING THE RISC
THE PREVIOUS CYCLE INSTR TS BE i e )
. DURING THE NEXT CYCLE 7
INSTRUCTION .
ADDRESS RA(15:Q) K VALID INSTRUCTION ADDRESS
“ r4
INSTRUCTION % 7
DASTAR R%(‘IOS:O) . X X VALID INSTRUCTION DATA ‘
N——— ,
BRQ
\‘ Il
BGNT
BUSY
BGACR ° —
DS 7
N TN\
ER
QSDRQQ"S’ A(15:0) % ( VALID OPERAND ADDRESS >—/
8252 “.;“(?5:0, S ( VALID OPERAND DATA >——/
CONTROL { VALID BUS CONTROL SIGNALS >—
Figure 20. Typical UT69R000 Bus Cycle With Extended Clock Cycles
2
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/

¢e/

DS

CONTROL
R/WR

OPERAND
ADDRESS ADDRESS VALID

OPERAND
DATA DATA VALID

DTACK

Notes:

1. DTACK must be active by this edge to avoid wait states.
2. DTACK is sampled by the rising edges of OSCIN.

Figure 21, Typical UT69R000 Data Bus Cycle Operation
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N—
OSCIN
T @
CK1
N— r
CK2
N— —
CK3
N\ /
N 7
CKa .
AN /
N 7
N— o d
STATET
BRQ
\\ ﬁI
BGACK ~ 7
DS \ \ [ \
CONTROL N /
R/WR N\ ) ’
OPERAND /
ADDRESS - —\ ADDRESS VALID >———/
OPERAND /
DATA A \ DATA VALID 3——/
DTACK A 7
Note:

1. BGNT is sampled by the falling edges of OSCIN. Wait states are inserted until BGNT is low and BUSY is high.

Figure 22. Typical UT69R000 DMA Bus Cycle
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EXECUTE| FETCH |EXECUTE

OTR RA,SW

X 00 (hex) X X

RA(19:0)

RD(15:0) X

OTRRA,SW X X X

oD (7:0) s

OD(7:0) Valid

Figure 23. Output Discrete Bus Timing

The UT69R000 requests control of the Operand buses at
the beginning of time period CK2 by asserting BRQ. On
every subsequent falling edge of OSCIN, the UT69R000
samples the BGNT and BUSY inputs. When the
UT69R000 detects on the falling edge of OSCIN that
BGNT has gone low and BUSY has gone high, this tells
the UT69R000 that it is the new bus master and can now
control the Operand buses. The UT69R000 locks out any
other bus master from controlling the Operand buses by
asserting BGACK at the beginning of time period CK3
and holding BGACK active until it is ready to relinquish
control of the Operand buses. The UT69R000 holds the
BGACK signal active until the beginning of the CK3
time period of the next bus cycle when the UT69R000 no
longer controls the Operand buses.

5.0 Discrete Input/Output

To control external hardware and receive external
information the UT69R000 has an 8-bit output discrete
bus and two discrete inputs. The discrete input function
allows for easy gathering of information from the
subsystem. The output discrete bus allows the UT69R000
to control subsystems via a combination of hardware and
software.

5.1 OQutput Discrete Bus

The UT69R0O00 has eight user-defined output discretes
(OD(7:0)). Output Register Instruction OTR Rd,SW
governs the logic state of each output discrete. The
Status/Output Discrete Register reflects the state of the
output discretes. Software can read the contents of this
register by executing. Input Register Instruction INR
Rd,SW.
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Table 1. Interrupt Definitions

INTERRUPT .
NUMBER DESCRIPTION

Power-Down Interrupt. Cannot be masked or disabled.

0
(Highest
Priority)

1 Machine Error. Cannot be disabled.
INTO. External user interrupt.
Software interrupt (USR3)
Fixed-point overflow. (V bit)
Software interrupt (USR2)
Software interrupt (USR1)

Timer A (If implemented).

INT1. External user interrupt.

W |N || a]Jw ]

Timer B (If implemented).

[y
o

INT?2. External user interrupt.

5=
—

INT3. External user interrupt.

—
[\*]

INTS. External user interrupt.
13 INT4. External user interrupt.
14 INTS6. External user interrupt.

S)I.r,;)wgst
ority)

Useful in the control of external subsystem hardware, the
output discrete function is fully static and remains

6.0 Interrupts

unchanged until rewritten. Outputs can drive standard
(i.e., sink or source) TTL loads. These outputs
three-state on the assertion of the TEST input pin.
Figure 23 shows the timing relationships for a write to
the output discrete bus.

5.2 Discrete Inputs

Status register bits DI1 and DI2, bits 8 and 3
respectively, reflect the stimulus applied to the input
pins. In a system application the software would make
decisions based on the state (i.e., logic one or zero) of
either or both of these bits. The system software would
poll the Status Register by executing an Input Register
Instruction INR Rd,SW; the software then proceeds to
perform a test bit on the appropriate bit (i.e., 3 or 8).
The result of the test bit determines the next task
performed by the software. Section 7.0 discusses an
example of using a discrete input to control program for
entering the monitor program. Both DI1 and DI2 input
buffers have pull-down resistors and can float if not in
use.

26

The UT69R000 has 15 levels of internal interrupt
prioritizing. Upon the occurrence of an enabled

non-masked interrupt, the UT69R000 program flow (i.e.,

instruction counter) transfers to the appropriate
interrupt vector. The interrupt vector points to an
interrupt service routine. After completing the interrupt
service routine the program flow is returned to the main
program location. Table 1 shows a list of UT69R000
interrupts.

6.1 Interrupt Control

The Pending Interrupt Register, Mask Register, Status
Register, and Fault Register control and report interrupt
processing. These registers contain the following
interrupt information:

- Interrupt events (PI)

- Interrupt status, masked versus unmasked (MK)

- Interrupt status, enabled versus disabled (STATUS
bit 9)

- Machine error interrupts (FT)
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The interrupt architecture allows for the disabling and
masking of certain interrupts. Output Register
Instruction OTR Rd,ENBL and OTR Rd,DSBL control
the disable and enable of interrupts. The content of the
Rd register is a “don’t care” for these commands. Status
Register bit 9 reflects the state of interrupts (i.e.,
enabled or disabled). The Mask Register provides the
ability to mask the service of user selected interrupts.
Interrupts awaiting service are reflected in the PI
Register. Execution of Input Register and Output
Register Instructions INR Rd,PI, OTR Rd,PI and OTR
Rd,RPI read, write, and clear the PI Register. To latch
an interrupt into the PI Register the corresponding bit
must be a logic zero before the event occurs. An integral
part of interrupt service should include the clearing of
the appropriate bit in the PI Register. Section 2.2.1
shows an example of clearing the PI register.

6.1.1 Interrupt Status

The architecture of the UT69R000 allows for the
disabling and masking of interrupts. If the software
cannot support interrupt service the software can disable
(i.e., not recognize) interrupts. The disable feature will
prevent the servicing of all interrupts with the exception
of power fail (PFAIL) and software interrupt (USR2).
The UT69R000 will log these interrupts into the P1
Register but does not alter program flow to the interrupt
vector. Re-enabling interrupts with a non-zero PI
Register will result in the UT69R000 vectoring to the
highest priority interrupt. To prevent the service of these
interrupt clear the PI Register before re-enabling
interrupts.

The mask feature allows the software to select particular
interrupts for service while masking others. The selection
of interrupts, via the mask feature, for service is
controlled through the MK Register. Input Register and
Output Register Instructions INR Rd,MK and OTR
Rd,MK read and write the MK register. The mask
feature prevents the servicing of all interrupts with the
exception of PFAIL and USR2. Similiar to the disable
feature, unmasking and interrupt with a non-zero PI
Register results in the vectoring to the appropriate
interrupt vector. Writing a logical zero into a Mask
Register bit location will prevent the recognition of the
specific interrupt (i.e., mask). To un-mask all interrupts
write FFFF (hex) to the MK register.

To enable the UT69R000 interrupts architecture the
software program enables interrupts by executing
instruction OTR Rd,ENBL, followed by a write to the
Mask Register, OTR Rd,MK. Interrupts are enabled and
disabled on the falling edge of internal clock cycle CK1
(rising edge of CK2).

6.1.2 Interrupt Processing and Vectors

The occurrence of an enabled and non-masked
interrupts results in the altering of program flow.
Interrupt processing begins by saving the present

D WE 9343947 0002178 3 EMUTM

Table 2. Interrupt Instruction Counter
Load Location

MASK- | CAN USER
INTERRUPT | LOCATION | ABLE DISABLE
NUMBER (HEX) (Y/N) (Y/N)

[==]

0400 N

z

0404

0408

040C

0410

0414

0418

041C

0420

Wil |N|anjWn s W=

0424

—_
o

0428

—
—

042C

p—
8]

0430

—_
w

0434

14 0438

i == === =] Z <<=
<<= < <= | << < <2< <=2

15* 043C

* See note on page 11.

Instruction Counter Register (IC) in the Instruction
Counter Save Register (ICS) followed by automatic
disabling of all interrupts (Status Register Bit 9 equals
logic 0). The UT69R000 then loads the designated
interrupt vector location into the Instruction Counter.
The UT69R000 begins interrupt service by executing the
code residing at the interrupt vector location.

Interrupt vectors reside from memory location 400 (hex)
to 43C (hex). Each interrupt is assigned a vector with
four memory locations (see table 2). These four memory
locations allow for storage of the Instruction Counter
Save Register (ICS) and a jump (JC), branch (BR), or
call (CALL) to the interrupt service routine. An example
is shown below.

ISRO_INTO: 408 (hex) INR xR0, ICS
409 (hex) CALL xR18, ISRO
40A (hex) ISRO
40B (hex) NOP  *

T-49-19-16
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Read the ICS register with an Input Register Instruction
INR Rd,ICS before interrupts are re-enabled or before
executing a program branch to assure that the return
address in the ICS is not overwritten. The CALL
instruction saves the IC into the ICS register and
overwrites the interrupt return address with the CALL
return address. Similarly, if the interrupts are re-enabled
before the interrupt return address is read from the ICS,
the occurrence of a new interrupt causes the old return
address to be overwritten. It is suggested for CALL
instructions the software reserve register pair xR16 for
ICS storage; for interrupts the software reserve register
pair xR18 for ICS storage. When nested CALLs or
interrupts are encountered, the address values stored in
register pairs xR16 and xX18, respectively, must be
stored in system memory to provide the UT69R000 with
full return information.

6.2 Interrupt Sources

Interrupt sources include nine externally generated
hardware interrupts, two internally generated hardware
interrupts, and four internally generated software
interrupts. External interrupts include: INT(6:0),
MCHNE(2:1), PFAIL, BTERR, MPROT, and MPAR.
Internal hardware interrupts include TIMA and TIMB.
Software interrupts include USR(3:1) and FIPO.

User-defined hardware interrupts INT(6:0) are available
to signal the occurrence of events which require special
action by the UT69R000. User-defined interrupts are
entered into PI Register bits 2, 8, 10, 11, 12, 13, and 14.
Internal hardware interrupts TIMA and TIMB signal the
wrap-around of either of these 16-bit counters from
FFFF (hex) to 0000 (hex).

Machine error interrupts MCHNE(2:1), BTERR,
MPROT, and MPAR designate machine error interrupts.
The UT69R000 enters machine error interrupts into the
Fault Register, the logical OR of all Fault Register bits
generates the stimulus to control bit 14 of the PI
Register. On the occurrence of a Machine Error Interupt
the host examines the Fault Register to determine the
specific event that generated the interrupt. Input
Register and Output Register Instructions INR Rd,FT,
OTR R4,FT, and OTR Rd,RFT read, write, and clear
the Fault Register. Clear the Fault Register before
clearing the PI Register.

Generate software interrupts by executing an Output
Register Instruction OTR Rd,PI. User-defined software
interrupts include USR3, USR2, and USR1. A fourth
software interrupt includes FIPQ, fixed-point overflow.
‘When enabled and not masked interrupt FIPO signals
the assertion of condition code bit V to a logical one.
Generate user-defined interrupt USR3, USR2, and.
USRI by writing to the PI Register. Please note; clear
the specific bit in the PI Register before attempting to
generate a software interrupt.

28
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6.3 Interrupt Hardware

All the UT69R000 external interrupts are level triggered.
Interrupts INT(6:0) and PFAIL are sampled on the rising
edge of the OSCIN and latched into the PI Register on
the falling edge of STATEI (rising edge of CK1). The
minimum pulse width for these inputs is 500 ns.

Machine error interrupts MCHNE(2:1), BTERR,
MPAR, and MPROT provide stimulus to the PI Register
through an S-R flip-flop. The architecture requires
removal of the interrupt signal before the Fault Register
(FT) and PI Register can be cleared. If the FT and PI
Register is cleared while the interrupt input is asserted
the specific FT and PI Register bit is re-asserted.

6.4 Interrupt Latency

Figures 24, 25, and 26 display the latency associated with
servicing of interrupts. When an interrupt is sampled
into the UT69R000 before the falling edge of STATEL
(figure 24) interrupt service begins during the following
execute machine cycle (STATET low). If the interrupt is
sampled into the UT69R000 after the falling edge of
STATET (figure 25) interrupt service is delayed one
execution cycle. Interrupts are first sampled into the
device and then latched into the PI Register.

When the interrupt is latched coincident with the fetch
and execution of a CALL instruction the interrupt
latency increases. Figure 26 shows interrupt latency
associated to the CALL instruction. The increase in
interrupt latency is due to the temporary disable of the
latching of interrupts into the PI register. This temporary
disable is due to the fetch of the CALL instruction. The
disable is necessary to allow for the UT69R000 to
execute the CALL instruction before servicing the
interrupt.

7.0 Monitor

Communication between the UT69R000 and a dumb
terminal or IRSIM is established via a monitor program
written to support the internal UART. When operating in
the monitor mode the programmer can (1) examine and
modify the UT69R000’s internal registers; (2) examine
and modify the contents of the operand port memory;
(3) examine and modify the contents of I/O subsystems;
(4) control program execution. UTMC offers a monitor
shell program for the UT69R000. The software
programmer can tailor the monitor program to meet
specific application.

Assertion of a discrete input can signal the UT69R000 to
enter the monitor mode of operation. To perform this
function the application software polls the Status
Register looking for the assertion (i.e., transition to logic
one) of the appropriate discrete input. The UT69R000
then enters the monitor program via a CALL or BR
instruction. Interrupts can also be used to access the
monitor program. An example of this technique is
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accessing the monitor on a specific condition. A specific over the serial data port. The list of the predefined
interrupt event (e.g., memory access location 100) can ASCII characters meaningful to the UT69R000’s
generate a hardware interrupt to the PFAIL input. Monitor mode are described in detail in the following
Accessing the monitor allows the software programmer sections. The UT69R000 can receive these Monitor

to evaluate the state of the UT69R000 and system (i.e., control commands with its internal UART, decode them,
memory or I/O subsystem). Figures 27 and 28 show an and then take the appropriate action. A1l ASCII
example. characters must be capitalized for the UT69R000 to

7.1 Using The Monitor recognize them.

When the UT69R000 enters the Monitor mode, it begins The four primary ASCII control characters are E, M, C,
executing the monitor program stored in the instruction and R. These control characters permit the system user
port. The UT69R000 initially sets its internal UART as to Examine or Modify instruction memory, Operand
the default monitor interface. memory, external I/O, and internal registers, Continue
To control the UT69R000 with the Monitor, the user Execution, and Run From a set starting location.

simply transmits a predefined set of ASCII characters

osen___| ||
cKt [ ]

cKe |

CK3

PRIMARY INSTRUCTION REGISTER (PIR)
CK4 PIR OPEN | PIR CLOSE

STATET
FETCH ¥ EXECUTE |EXECUTE
(NOP) (NOP) INTERRUPT SERVICE

COMMANDS

RA(19:0) Sy INTERRUPT X

ADDRESS VALID

RD(15:0) SN INTERRUPT X - X

INSTRUCTION VALID

EDGE SENSITIVE

INT # N4~ A DR TR R

Assumes:

1. Interrupts enabled at time zero.

2. No mask bits set at time zero. m Do not care field
m Do not care field

Figure 24. Interrupt Timing
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OSCIN

CK1

CK2

CK3

CK4

T-49-19-16

I A R I Y I |
[ 1 [ 1 [ 1
| ] [ ] [ 1
[ 1 [ 1 [

INTERRUPTS DISABLED DUE TO FETCH

OF CALL OR JMP
f—— INSTRUCTION | [ ]

STATET
FETCH | EXECUTE |  FETCH toecure] lexecure [

(CALL) (CALL) (NOP) (NOP) INTERCI:?‘;J;;I/I iil;\gCE
RA(19:0) )4 X interrupt X
ADDRESS VALID
RD(15:0) ) 4 X interrupT X
INSTRUCTION VALID
KT # EDGE SENSITIVE .
N I Y

Assumes:

1. Interrupts enabled at time zero. m Do not care field

2. No mask bits set at time zero.

30

m Do not care field

Figure 25. Interrupt Timing
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PRIMARY INSTRUCTION REGISTER (PIR)
PIR OPEN 4— p|R CLOSE

FETCH |EXECUTE| FETCH ; EXECUTE EXECUTE
(NOP) (ENOP) (INR) (INR) INTERRUPT SERVICE
COMMANDS

RA(19:0) X INTERRUPT
ADDRESS VALID

‘ RD(15:0) X )w( INTERRUPT X

INSTRUCTION VALID

EDGE SENSITIVE

TP MOOrOrE:r:rss

Assumes:

1. Interrupts enabled at time zero.
2. No mask bits set at time zero. m Do not care field
m Do not care field

Figure 26. Interupt Timing
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X000 (hex) ‘
PROGRAM
CODE
@———— EXTERNAL HARDWARE INTERRUPT
— OR OUTPUT DISCRETE:
IC —» ICS
000X (hex) — IC —®  INTERRUPT MAP ADDRESS
4XX (HEX)

INTERRUPT SERVICE ROUTINE:

>
4XX (hex) INR xR16, ICS ;SAVE ICS
4XX (hex) CALL xR18, MONITOR  ; MONITOR CODE
4XX (hex) MONITOR

4XX (hex) NOP

Figure 27. Monitor Operation

Monitor Mode
UT6SR000 - RS-232 Port CONSOLE
UART PORT TERMINAL
. Examine
(El, EO, EE, ER)
UT69R000
MONITOR a—
r Continue
(Co, C1, C2, C3)
Run
(RO, R1, R2, R3)
Modify
(MI, MO, ME, MR) .

Figure 28. Monitor Mode Operation

32
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7.1.1 Examine Command 64K instruction memory space. The MI

The Examine Command has four variations: command is followed by the 16-bit Hex address

(1) EDoaxx - The Examine Instruction memory denoted above as “xxxx,” of the memory
command. This command permits the user to location to examine and the 16 bit Hex value
examine any memory location within the 64K denoted above as “vvvv,” the user wishes to
instruction memory space. The EI command place in this memory location. Valid characters
is followed by the 16-bit Hex address, for the instruction address field (xxx) and value
above as “xxxx,” of the memory location to field (vwwwv) are 0-9 and A-F.

examine. Valid characters for the instruction . . .
address field (xox) are 0-9 and A-F The user can modify consecutive memory locations
by entering multiple 16-bit values in the MI

- . command. The MI command would then take the
locations by repeatedly entering Space form: Moo, vvvv,vvvy,...,vwwvv where the user can
characters. The Monitor continues to display the enter as many new values as desired. The commas
contents of contiguous memory locations until are optional as delimiters. The UT69R000 now
any non-Space character is received. When the modifies instruction memory starting at the given

Mon}tor receives a non(-jSpace c'haracter, 1t. address (xoocx) and continues to modify memory
terminates EI command execution and waits for until all new values are in memory.

the next valid Monitor command.

EOxuxx - The Examine Operand memory MOxxxx,vvvv - The Modify Operand memory
command. This command works exactly the command. This command works exactly the
same as the EI command except that the user same as the MI command except that the user
can now examine Operand memory. can now modify Operand memory. The form of
EExxxx - The Examine External (1/O) the MO command to alter multiple Operand
command. This command works exactly the memory locations is: MOXIOX,vvwV,vWWY,..,yWV.

same as the EI and EO commands except that MExxx,vvvv - The Modify External I/O

the user can now examine any external I/O command. This command works exactly the
location. : same as the MI and MO commands except that
ER - The Examine Register command. The the user can now modify any external /O
Examine Register command allows the user to location. The form of the ME command to alter

look at most of the UT69R0M(’s internal multiple external I/O locations is:
registers. MEXXOX,VVVV,VVVV,...,VVVV.

After the UT69R000 has received the ER MRrT,vwwwv - The Modify Register command. The
command, it displays the contents of register RO0. Modify Register command allows the user to
The user can examine additional registers by modify most of the UT69R000’s internal
repeatedly transmitting Space characters to the registers. The MR command is followed by an
UT69R000. The Monitor displays the 8-bit register ID code, denoted as rr, and a
registers one after another in the following order: 16-bit value, denoted as vvwv. Table 4 lists the

RO through R15, Status/Output Discrete register register IDs that the UT69R000 recognizes.
(SW), Pending Interrupt Register (PI), Interrupt Valid characters for the register ID field (xxxx)
Mask Register (MK), Fault Register (FT), Timer and value fields (vwwv) are 0-9 and A-F.

A (TA) and Timer B (TB). The UT69R000

continues to display its registers until the The user can use only one MR command to modify
UT69R000 receives a non-Space character or one UT69R000 register. Modifying additional
until the UT69R000 has displayed the complete registers requires transmitting a separate MR

list of registers. At this time the UT69R000 command for each change.

terminates the ER command and waits for the

next valid Monitor command.

7.1.2 Modify Command
The Modify Command has four variations:
(1) MDaxx,vwv - The Modify Instruction
memory command. This command permits the
. user to modify any memory location within the

The user can examine consecutive memory
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7.1.3 Continue Command 12 MHz). TIMCLK also controls the frequency of the

The Continue Execution Command allows the user to internal timers (TA and TB). The status of the UART is

resume program execution from the point where the read from the System Status Register (STATUS) bits 7 .
Monitor mode of operation was entered. The Continue through 0.

Execution command takes the form:

C0 - Resume execution with Timers A and B 8.1 UART Transmitter Operation
halted. The transmitter portion of the UT69R000’s UART is a
C1 - Resume execution with Timer A on and double-buffered configuration consisting of a
Timer B off. Transmitter Register and a Transmitter Buffer Register.
C2 - Resume execution with Timer A off and The Transmitter Register contains the serial data stream
Timer B on. the UT69R000 is currently transmitting through the
C3 - Resume execution with Timers A and B on. UART; the Transmitter Buffer Register contains the next
7.1.4 Run Command message to transmit through the UART. The system

I . programmer reads the status of the Transmitter Register
The Run From Memory ation Command allqws_the from bit 1 (TE) of the Status and the status of the
user to start program execution from any point within . . .
the 1M port space. This command takes the form Rxooom Transmltter Buffer Reglster from bit 2 ('.I‘BE)_ of the.
where “xco0c” denotes the 20-bit starting address. Valid Status Register. If bit 2 of the Status register is a logical

one, the UART transmitter buffer is ready for data, once
CT};;r?;ﬁ?;Oi; gilfh:(rk(i)rle szs,iierl;i S:gcfs) ggig;%.and A-F loaded with data, bit 2 transitions to a logical zero. Bit 1

is a logical zero during serial transmission and transitions
0 - Resume execution with Timers A and B to a logical one when transmission from the Transmitter
halted. Register is complete. The Status register is read using
1 - Resume execution with Timer A on and Input Register Instruction INR Rd,STATUS.
Timer B off.
2 - Resume execution with Timer A off and To initiate a serial data transmission, the system designer
Timer B on. must first load the data to transmit into the Transmitter
3 - Resume execution with Timers A and B on. Buffer Register with the Output Register Instruction
OTR Rd, TXMT This instruction loads the least
8.0 UART Operation significant byte of the source register specified in the
instruction into the Transmitter Buffer Register. At this
The UT69R000 has an internal UART. Figure 29 shows a time, TBE goes low and the UT69R000 automatically
diagram of the UT69R000 connected to a serial bus. The transfers the data word into the Transmitter Register.
UART operates at a fixed frequency of 9600 baud with After the transfer is complete, TE goes low and TBE
eight bits, one stop bit, and odd parity. The idle state for transition to a logical one indicating a serial transmission
the UART is logic zero. The TIMCLK input fixes the is about to begin and the next data word can be loaded
baud rate of the UART (9600 baud at TIMCLK equal to into the Transmitter Buffer Register.

SERIAL

DRVR

SERIAL RS-232 BUS -
12 MHz I/P UT69R000 9600 BAUD
EIGHT DATA BITS,

FOR UART
UART | TiMcLK ONE STOP BIT
AND ODD PARITY

UARTIN
/. D
/4

Figure 29. Serial Data Bus Interface to the UT69R000
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This double-buffering process allows transmitting
contiguous serial data streams. The process of
alternately loading the Transmitter Buffer Register with
new data and then reading the transmitter status from
the STATUS register continues until completion of all
serial transmission. An example of UART transmitter
software follows:

WRITE_UART: INR R11, STATUS
TBR R11, 1DH
BR EQ, WRITE_UART
NOP
INR R15, TXMT

8.2 UART Receiver Operation

The UT69R000’s internal UART has one register
associated with the receive function. This register is the
UART Receiver Buffer Register (RBR). The least
significant byte of the RCVR contains the received serial
data. The Status Register contains error information
about the serial data in the receiver. Four error bits
reflect information status, bit 7 (Receiver Error, RE),
which is the logical OR combination of the other three
error bits; bit 6 (Overrun Error, OE); bit 5 (Framing
Error, FE); bit 4 (Parity Error, PE). An additional status
bit for the Receiver is the Data Ready (DR) bit. DR is
the least significant bit of the Status Register.

The UT69R000Q is ready to receive serial data through
the internal UART, it must poll the Status Register to
determine when the Data Ready (DR) bit transitions
from a logical zero to logical one to signal the UART has
indeed received a serial transmission. When DR equals a
logic one, the software reads the Receiver by executing
and Input Register Operation INR RD, RCVR. The
INR instruction takes the eight bits of received data in
the and places this data in the least significant byte of
the destination register (Rd) specified in the instruction.

When the UT69R000 is finished executing the Input
Register Instruction, the software can then determine
the validity of the message by testing the RE bit. After
the software has checked for a valid message, the data is
stored. If the UTG69R000 is to receive more data through
the UART, the software must return to polling the Status
Register to determine the reception of the next valid
serial transmission. The Input Register Instruction INR
Rd, RCVR clears the DR bit. An example of receiver
software follows:

READ_UART: INR R11, STATUS
TBR R11, IFH
BR EQ, READ_UART
NOP
OTR R15, RCVR 9.0
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9.0 PROGRAMMING INTERFACE
9.1 Data Formats
The UT69R000 instruction set supports 16-bit integer

single-precision data and 32-bit integer double-precision
data. All data is in 2’s complement representation.

MSB

SIGN

15 14
Figure 30a. Single-Precision Fixed-Point Data

MsB

SIGN (MSH) (LSH)

31 30 16 15

Figure 30b. Double-Precision Fixed-Point Data

The UT69R000 represents the fixed-point data formats
as a 2’s complement integer with the MSB as the sign bit
(figures 30a and 30b).

Operand Size

The UT69R000’s instruction set supports three operand
sizes: (1) Byte (eight bits); (2) Word (16 bits); and (3)
Long Word (32 bit). Byte operands are only allowed with
byte instructions. All other instructions support word and
long-word operands.

Organization of Data in General Purpose Registers

All 20 of the UT69R000’s general purpose data registers
support bit, byte, and word operations. When the system
programmer specifies a byte operation in a specific
instruction, the instruction expects to find the byte of
Operand Data in the least significant eight bits of the
data register. The least significant bit of each of the data
registers is bit 0 and the most significant bit of each of
the data registers is bit 15. Any one of the data registers
may be the source or destination for the operand.

For long-word operands, the UT69R000 organizes the 20
general purpose data registers as 10 even/odd register

_ pairs. The even-numbered register of the register pair

contains the most significant word. All register pairs may
be the source or destination operands.

35
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Special Purpose Data Registers

In addition to the 20 general purpose data registers, the
UT69R000 has three special purpose data registers: (1)
The ACCUMULATOR (ACC); (2) the Stack Pointer
(SP); and (3) the Instruction Counter Save Register
(ICS).

The Accumulator (ACC) is a 32-bit register used only
with multiply, divide, extended shift, Load Register from
Instruction memory (LRI), and Store Register to
Instruction memory (STRI) instructions. For multiply
instructions, the ACC retains the most significant half of
the product, and for divide instructions, the ACC retains
the remainder. For LRI and STRI instructions, the ACC
contains the instruction memory pointer. Note that the
ACC can be used as a general purpose register for most
operations.

The Stack Pointer (SP) is a 16-bit register usable only
with POP and PUSH instructions.

The Instruction Counter Save (ICS) register is a 20-bit
register used during calls, jumps, and interrupts.

Register Notation

The UT69R000’s instruction descriptions contain a

" definition of the Register Transfer Language (RTL) that
the Assembler uses to describe how the instructions
operate. The RTL description of the UT69R000’s
internal registers is as follows:

RSn -- Source Register where n specifies the
register number.

RDn -- Destination Register where n specifies the
register number.

XRSn -- Long-Data Source Register where n
specifies the register number.

XRDn-- Long-Data Destination Register where n
specifies the register number.

IC  -- Instruction Counter

SP  -- Stack Pointer

ACC -- 32-bit Accumulator

ICS -- Instruction Counter Store Register

@RSn-- Data Register Indirect where n specifies
the register number

@SP -- Stack Pointer Indirect

# -- Immediate Data

@# -- Immediate Data Indirect

9.2 Instruction Formats

The UT69R000 has three instruction formats (figure 32):

(1) Register-to-Register; (2) Register-to-Short
Immediate; and (3) Register-to-Immediate.

All the UT69R000’s instructions are either word (16-bit)
or long-word (32-bit) in length. The only time the
UT69R000 uses the long-word instruction format is for
the Immediate Source Operand Address Mode.

36
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IMODEI OPCODE DESTINATIONI SOURCEI
MSB

0 2000 RD RS

15 14 109 5 4 0

Figure 31a. Register-to-Register Instruction

I MODEI OPCODE DESTINATIONI SOURCE l
MS$SB LSB
1 2000 RD IMMEDIATE
15 14 109 5 4 0

Figure 31b. Register-to-Short Inmediate
Instruction Format

I MODEI OPCODE |DESTINATION] SOURCE
MSB LSB
o 20000( RD 11111
15 14 109 5 4 0
MSB LSB
16—Bit Immediate Data
15 0

Figure 31c. Register Immediate Instruction Format

The bits in the instructions are defined as follows:

M: Instruction Mode Bit. When M = 1, the
UT69R000 interprets the Instruction Source field as
a five-bit literal value. If M = 0, the UT69R000 uses
the Instruction Source field to specify the source
register for the instruction.

Opcode: This field is the five-bit opcode the
UT69R000 uses to decode the instruction into a
machine operation.

LSB .
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Destination: This field specifies the register the
UT69R000 uses for the destination of the instruction.

Source: This field specifies the register the
UT69R000 uses for the Instruction Source.

Immediate: If needed, this field contains the 16-bits
of immediate data the UT69R000 requires for the
long-immediate instruction.

9.3 Operand Addressing Modes

The UT69R000’s instruction set supports four basic
addressing modes. All instructions require a source
operand and a destination operand. The destination
operand is a data register (RDn or XRDn) for all
instructions, except the Jump on Condition (JC)
instruction where the destination register contains a
template for the jump condition tested for in the
instruction. The source operand can be either a data
register or inmediate data for all instructions.

The source operand can also be addressed in an indirect
mode. In an indirect addressing mode, the source data
register or the Stack Pointer contains an effective
address. This address points to the memory location for
operand data the UT69R000 uses during the current
instruction execution. This type of memory addressing is
only used with the Load (LR), Store (STR), PUSH, and
POP instructions.

Destination Addressing Mode

The destination operand is given explicitly for all
UT69R000 instructions. The UT69R000 encodes a
five-bit field, bits 9 through 5, in each instruction as
follows:

RO -- 00000
R1 -- 00001
R2 -- 00010
R3 -- 00011
R4 -- 00100
RS -- 00101
R6 - 10110
R7 - 00111
R8 -- 01000
R10 -- 01010
R11-- 01011
R12 -- 01100
R13 -- 01101
R14 -- 01110
R15 -- 01111

XRO0 -- 10000
R16 -- 10001
XR2 -- 10010
R17--10011
XR4 -- 10100
XR16 -- 10110

XR8 -- 11000
R18 -- 11001
XR10-- 11010
R19-- 11011
XR12 -- 11100
XR18 -- 11101
XR14 -- 11110
ACC--11111
NUL -- 10111

Source Addressing Modes

The UT69R000 directly addresses the source operand by
using one of three normal modes: (1) Data Register
Direct; (2) Literal; and (3) Immediate Long Data.

49E D EE 9343947 0002188 b EEUTM
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Data Register Direct

When the UT69R000 uses the Data Register Direct
mode, the source operand is one of the data registers.
The data register is explicitly stated for all instructions.
The UT69R000 encodes a 5-bit field, bits 4 through 0, in
each instruction as follows:

RO -- 00000
R1 -- 00001
R2 -- 00010
R3 -- 00011
R4 -- 00100
RS -- 00101
R6 -- 00110
R7-- 00111
RS -- 01000
R9 -- 01001
R10 -- 01010
R11--01011
R12 -- 01100
R13 -- 01101
R14-- 01110
R15 -- 01111
and 11111

XRO -- 10000
R16 -- 10001
XR2 -- 10010
R17 -- 10011
XR4 --10100
XR16 -- 10101
XR6-- 10110

XRS8 -- 11000
R18 -- 11001
XR10-- 11010
R19-- 11011
XR12 -- 11100
XR18 --11101
XR14 -- 11110
Reserved -- 10111

Literal

‘When the UT69R000 uses the Literal mode, the source
operand is a 5-bit literal data value. The UT69R000
explicitly states this literal data value for the instructions.
The UT69R000 encodes a 5-bit field, bits 4 through 0, in
each instruction as follows:

0 -- 00000
+1 -- 00001
+2 -- 00010
+3 -- 00011
+4 -- 00100
+5 -- 00101
+6 -- 00110
+7-- 00111
+8 -- 01000
+9 -- 01001
+10 -- 01010
+11--01011
+12 -- 01100
+13 -- 01101
+14 --01110
+15 -- 01111

-16 -- 10000
-15 -- 10001
-14 -- 10010
-13 -- 10011
-12 -- 10100
-11 -- 10101
-10 -- 10110
-9--10111
- 8 -- 11000
-7--11001
-6--11010
-5--11011
-4--11100
-3--11101
-2--11110
-1--11111

Immediate Long

When the UT69R000 uses the Immediate Long mode,
the source operand is a 16-bit data value. The
UTG69R000 explicitly states this data for all instructions
and encodes the 16-bit data in a second 16-bit instruction
word (figure 32). The UT69R000 encodes the 5-bit field
of the instruction source field, bits 4 through 0, as
follows:

IMM --11111
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Special Source Operand Addressing Modes

In addition to its three direct addressing modes, the
UT69R000 also supports three modes of indirect
addressing: (1) Data Register Indirect; (2) Stack Pointer
Indirect; and (3) Absolute.

Data Register Indirect

When the UT69R000 uses the Data Register Indirect
mode, the source operand is a memory location
addressed by the contents of the specified data register.
The data register is explicitly stated for all instructions.
This mode is only available on the LR, STR, INR, and
STR instructions. The UT69R000 encodes a 5-bit field,
bits 4 through 0, in each instruction as follows:

RO -- 00000 XRO -- 106000
R1 -- 00001 R16 -- 10001
R2 -- 00010 XR2 -- 10010
R3 -- 00011 R17 -- 10011
R4 -- 00100 XR4 -- 10100
R5--00101 XR16 -- 10101
R6 -- 00110 XR6 -- 10110
R7-- 00111
RS -- 01000 XR8 -- 11000
R9 -- 01001 R18--11001
R10 -- 01010 XR10 -- 11010
R11 -- 01011 R19--11011
R12 -- 01100 XR12 -- 11100
R13 -- 01101 XR18 -- 11101
R14 -- 01110 XR14 -- 11110
R15-- 01111 Reserved -- 10111
and 11111

Stack Pointer Indirect

When the UT69R000 uses the Stack Pointer Indirect
mode, the source operand is a memory location
addressed by the contents of the Stack Pointer (SP)
register. This mode is only available with POP and
PUSH instructions. The UT69R000 encodes a 5-bit field,
bits 11 through 15, of each instruction when in the Stack
Pointer Indirect mode as follows:

SP -- 10111,

Absolute

When the UT69R000 uses the Absolute mode, the
source operand is the memory location addressed by the
contents of the 16-bit immediate-data field
accompanying the instruction. This mode is only
available on the LR, STR, INR, and OTR instructions.
The system programmer encodes the immediate data
field as a second 16-bit instruction word.

H9E D W 9343947 0002189 &4 EMUTHM
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9.4 Data Movement Operations

The UT69R000 places no restrictions on operand size
during data movement. This means the size (Byte, Word,
or Long Word) of the data in the source and destination
do not have to match. The UT69R000 handles the data
movement for all instructions.

When a instruction specifies a word destination, a 16-bit
result is always stored in the destination. If the
instruction specifies a 5-bit literal source operand, then
the UT69R000 sign-extends this source data to produce
a 16-bit operand. If the instruction specifies a
word-length source operand, there is no manipulation of
the source data. If the instruction specifies a long-word
source operand, the UT69R000 only retains the least
significant 16 bits of the result. The UT69R000 truncates
the most significant 16 bits of the result.

When a instruction specifies a long-word destination, a
32-bit result is always stored in the destination. If the
instruction specifies a S-bit literal source operand, then
the UT69R000 sign-extends this source data to produce
a 32-bit operand. If the instruction specifies a
word-length source operand, then the UT69R000 also
sign-extends this source data to produce a 32-bit
operand. If the instruction specifies a long-word-length
source operand, there is no manipulation of the source
data.

‘When the system programmer specifies a byte
instruction, the UT69R000 only stores eight bits of the
result regardless of whether the instruction specifies a
word or long-word destination register.

Operation Code Matrix

The UT69R000 performs 30 basic operations, each with
its own operation code. All the UT69R000’s operations
are explicit, and are encoded in bits 14 through 10 of the
instruction.



UNITED TECH MELEC CENTER 49 D EE 9343947 0002190 4 EEUTH

T-49-19-1¢
10.0 PIN DESCRIPTION

‘ Legend for TYPE and ACTIVE fields: Three-state TTL bidirectional
CMOS output

TTL output Oscillator input to a Pierce Oscillator

TTL input inverter

TTL input (pull-up) Active High

TTL input (pull-down) Active Low

Three-state TTL output

TO
TI
TUI
TDI
TTO

OSCILLATOR AND CLOCK SIGNALS

PIN NUMBER
PINNAME  [5rrme T poa

OSCIN 50 P14 Oscillator Input. A 50% duty cycle crystal-drive
input for driving the UT69R000.

OsSCOouT 51 P15 Oscillator OQutput. A 50% duty cycle, sing]e-ghase
clock output at the same frequency as the OSCIN
input.

DESCRIPTION

SYSCLK System Output. The buffered equivalent of the
OSCOUT signal.

PROCESSOR STATUS

PIN NAME PIN NUMBER
FLIPK | PGA

NUI1 129 H2 Not used input 1. Internal UTMC use only. Tie
either high or low.

DESCRIPTION

NUI2 4 Not used input 2. Internal UTMC use only. Tie
low.

}I:Ijo{1 used input 4. Internal UTMC use only. Tie
gh.

Not used outﬁg}?. Internal UTMC use only.
i

NUO3 enter impedance state when the
UT69R000 is in the test mode (TEST=0)

Not used input 3. Internal UTMC use only. Tie
low.

Processor State. This signal indicates the internal
state of the UT69R000. A low on STATET indi-
cates the UT69R00Q is executing a new instruc-
tion. A high on STATET indicates the UT69R000
is fetching an instruction. STATEI1 enters a high-
impedance state when the UT69R000 is in the
test mode (TEST=0).
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PIN NAME

PIN NUMBER

FLIPK | _PGA

TYPE

ACTIVE

DESCRIPTION

BRQ

118 D2

Bus Request. The UT69R000 asserts this signal to
indicate it is requesting control of the Operand data
bus (DO - Dl?. BRQ enters a high-impedance state
\g)hen the UT69R000 is in the test mode (TEST =

BGNT

119 E3

Bus Grant. When asserted, this signal indicates the
UT69R (000 may take control of the Operand data
bus. It is tied to an internal pull-up resistor.

120 C1

Bus Busy. A bus master asserts this input to inform
the UT69R000 that another bus master is using the
Operand data bus. It is tied to an internal pull-up
resistor.

BGACK

117 B1

AL

Bus Grant Acknowledge Output. The UT69R000
asserts this signal to indicate it is the current bus
master. When low, BGACK inhibits other devices
from becoming the bus master. When the
UT69R000 relinquishes control of the bus, BGACK
enters a high-impedance state.

OPERAND DATA BUS CONTROL

PIN NAME

PIN NUMBER

FLTPK | _PGA

DTACK

TYPE

ACTIVE

DESCRIPTION

121 E2

Data Transfer Acknowledge. This signal tells the
UT69R000 that a data transfer has been acknowl-
edged and the UT69R000 can complete the bus
cycle. To assure the UT69R000 operates with no
wait states, DTACK can be tied low. DTACK is
tied to an internal pull-up resistor.

MAO

112 B3

Memory or I/O. Indicates whether the current

bus cycle is for memory (high) or /O (low). It

remains in the high-impedance state during bus
cles when the UT69R000 does not control the
perand buses.

114 C4

TTO

Read/Write. Indicates the direction of data flow
with resﬁpect to the UT69R000. R/WR high means
the UT69R000 is attempting to read data from an
external device, and R/WR low means the
UT69R000 is attempting to write data to an ex-
ternal device. remains in a high-impedance
state when the UT69R000 does not control the
Operand buses.

Continued on page 41.




49E D WM 9343947 0002192 & EEUTM
T-49-19-16

UNITED TECH MELEC CENTER

OPERAND DATA BUS CONTROL  Continued from page 40.

PIN NUMBER ACTIVE DESCRIPTION
FLTPK | _PGA

DS 116 B2 AL Data Strobe. Indicates valid data is on the Operand

Data bus. The UT69R000 places DS in a high-im-

gedance state when it does not control the Operand
uses.

PIN NAME

INSTRUCTION MEMORY CONTROL

PIN NUMBER
FLTPK PGA DESCRIPTION

OE 42 R12 Output Enable Instruction Memory. This signal
allows memory to place data on the instruction data
bus. The Store Register to Instruction Memory
(STRI) instruction removes OE during the CK2
internal clock cycle. OE enters a high-impedance
state when the UT69R000 is in the test mode

(TEST = 0).

Write Enable Memory. This signal allows the
UT69R000 to write to instruction memory. The
Store Register to Instruction Memory (STRI)
instruction asserts WE during the CK2 internal
clock cycle. WE enters a high-impedance state
when the UT69R000 is in t%xe test mode (TEST =

0).

PIN NAME

UART CONTROL/TIMER CLOCK

PIN NUMBER DESCRIPTION
FLTPK PGA
UARTIN 127 F1 UART Ingut. The UT69R000 receives serial data

through this input. The serial data is stored in the
UT69R000’s Receiver Buffer Register (RCVR).
It is tied to an internal pull-up resistor.

PIN NAME

UART Output. The serial data stored in the
UT69R000’s Transmitter Buffer Register (TXMT)
is transmitted through this output. The UART
ouzf)ut is fixed at 9600 baud, with eight data bits,
odd-parity, and one stop bit. UARTOUT enters a
high-impedance state when the UT69R000 is in
the test mode (TEST=0). (9600 baud @
TIMCLK = 12 MHz)

UARTOUT

Continued on page 42.
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UART CONTROL/TIMER CLOCK Continued from page 41
PIN NUMBER .
PIN NAME FLTPK PGA TYPE | ACTIVE DESCRIPTION
TIMCLK 53 L13 TI - Timer Clock. This 12 MHz clock input generates the

baud rate for the UT69R000’s internal UART. The
input also provides the clock for the UT69R000’s
two internal timers (TIMER A and TIMER B).

DI2 48 N12 TDI - Discrete Input 2. Asserting this input sets bit 3 in
the System Status Register Bit 3 is read with the
Inﬁmt Refister Instruction (INR). Tied to an inter-
nal pull-down resistor. (asynchronous input).

TEST 46 P13 TUI AL Test (Input). Asserting this input places the
UT69R into a test mode. In this mode, all the
UT69R000’s outputs, except OSCOUT and
SYSCLK, enter a high-impedance state. When
ﬁ%ﬁ_’rl"EST, the UT69R000 must have a MRST.

must be held active for at least one
SYSCLK period after TEST is deasserted to as-
sure proper operation (see figure 42b). TEST is
tied to an internal pull-up resistor.

D)4 49 N13 TDI - Discrete Input 1. Asserting this input sets bit 8 in
the System Status Register. Bit 8 is read with the
InYut R?ister Instruction (INR). Tie to a inter-

nal pull-down resistor. (asynschronous input).

PROCESSOR MODE
PIN NUMBER
PIN NAME FLTPK PGA TYPE | ACTIVE DESCRIPTION

ODO0 104 B7 | TTO - Output Discrete Bus (OD(7:0)). These outputs
OD1 105 Bé reflect the status of bits 0 through 7 of the Status/
OD2 106 C6 Output Discrete Register. Write to this register
OD3 107 AS using Output Register Instruction (OTR). Out-
OD4 108 A4 puts enter a high-impedance state when the
882 %(1)(9) %i 8'.1‘69R000 is placed in the test mode (TEST =
OD7 111 C5
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INTERRUPTS/EXCEPTIONS

. PIN NUMBER
PIN NAME FLTPK PGA

MCHNE1 125 G2 System Fault. This positive ed e-triggered input sets

bit 8 (MCHNETL) in the UT69R000’s Fault Register.
Under no circumstances should MCHNE1 be tied in
its active state. It is tied to an internal pull-up resis-
tor. Interrupt is not cleared via software until the
negation of the input signal.

DESCRIPTION

Bus Time Error. It is asserted when a bus error or a
timeout occurs. During I/O bus cycles, an active
sets bit 10 of the Fault Register. During
Memory bus cycles, an active BTERR sets bit 7 of
the Fault Register. Under no circumstances should
BTERR be tied in its active state. It is tied to an
internal pull-up resistor. Interrupt is not cleared via
software until the negation of the input signal.

Memory Parity (Error). Asserting this input indi-
cates a machine error. Bit 13 of the UT69R000’s
Fault Register, is set when MCHNE?2 is active.
Under no circumstances should MCHNE?2 be tied
in its active state. It is tied to an internal pull-
down resistor. Interrupt is not cleared via soft-
ware until the negation of the input signal.

Memory Protect Fault. When asserted, it informs the
UT69R000 that a memory-protect fault has occurred
on the Operand Data Bus. An access fault, a write-
protect fault, or an execute-protect fault causes a
memon"if-protect fault. If the UT69R000 is using the
bus and MPROT is asserted, bit 15 of the Fault Regis-
ter (CPU Fault) is set. If the UT69R000 is not using
the bus and MPROT is asserted, bit 14 of the Fault
Re%ister (DMA Error) is set. It is tied to an internal
pul -13: resistor. Interrupt is not cleared via software
until the negation of the input signal.

User Interrupts. These interrupts are active on a
negative-going edge and each will set, when active, its
associated bit in the Pending Interrupt Register. The
interrupts are maskable by setting the associated bits
in the Interrupt Mask Register. Asserting MRST re-
sets all interrupts. They are tied to an internal pull-up
resistor.

Power Fail (Interrupt). Asserting this input

informs the UT69R000 that a power failure has oc-
curred and the present process will be interrupted.
This input sets bit 15 in the Pending Interrupt. Register.
A Power Fail Interrupt (bit 15) cannot be disabled or
masked. It is tied to an internal pull-up resistor.

Master Reset. This input initializes the
UTG69R000 to a reset state. The UT69R000 must
be reset after power (Vcc) is within specification
and stable to ensure proper operation. The sys-
tem must hold active for at least one pe-
riod of SYSCLK to assure the UT69R000 will be
reset. It is tied to an internal pull-up resistor.

43
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OPERAND BUSES
PIN NUMBER
PIN NAME FLTPK | PGA TYPE | ACTIVE DESCRIPTION
A0 84 Al4 TTO -- Address Bus - Operand. When asserted, this bus is
Al 85 B12 unidirectional and represents the Operand Address.
A2 86 C11 The bus is in the high-impedance state when the
A3 87 Al3 UT69R000 does not control the bus. A15 is the most
A4 88 B11 significant bit. The Operand Address enters a high-
ﬁg 3(9) é%g impedance state when the UT69R000 is in the test
mode (TEST = 0).
A7 91 B10 >1=0)
A8 92 B9
A9 93 C9
Al0 94 Al0
All 95 A9
Al2 96 B8
Al3 97 A8
Al4 102 A7
AlS 103 Ab
DO 64 H15 TTB -- Data Bus - Operand. This bidirectional data bus
D1 69 G15 remains in a high-impedance state when the
D2 70 F15 UT69R000 does not control the bus. D15 is the
D3 71 Gl14 most significant bit. The Operand Data Bus en-
D4 72 Fl14 ters a high-impedance state when the UT69R000
D5 73 F13 is in the test mode (TEST = 0).
D6 74 E15
D7 75 D15
D8 76 C15
D9 77 D14
D10 78 E13
D11 79 Cl14 .
D12 80 B15
D13 81 D13
D14 82 C13
D15 83 B14
INSTRUCTION BUSES
PIN NAME PINNUMBER | 7ypg | ACTIVE DESCRIPTION

FLTPK | PGA
RAO 18 R2 | TTO - Instruction Address Bus. This unidirectional bus rep-
RA1 19 P4 resents the address of the data in instruction memory.
RA2 20 N5 RA19 is the most significant bit. The address enters a
RA3 21 R3 high-impedance state only when the UT69R000 is in
RA4 22 P5 the test mode (TEST = 0).
RAS 23 R4
RAG6 24 N6
RA7 25 P6
RAS8 26 P7
RA9 27 N7
RA10 28 R6
RA11 29 R7
RA12 30 P8
RA13 31 R8
RA14 36 R9
RA15 37 R10
RA16 38 P9
RA17 39 P10
RA18 40 N10
RA19 41 R11 .

Continued on page 45.
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PIN NAME PINNUMBER | 1ypg | AcTIVE DESCRIPTION
FLIPK | _PGA
RDO 130 H1 TTB - Instruction Data Bus. This bidirectional data bus
RD1 3 J1 is the interface with the memory. RD15 is the
RD2 4 K1 most significant bit. The Data Bus enters a high-
RD3 5 J2 impedance state only when the UT69R000 is In
RD4 6 K2 the test mode =0)
RD5 7 K3
RD6 8 L1
RD7 9 M1
RDS8 10 N1
RD9 11 M2
RD10 12 L3
RD11 13 N2
RD12 14 P1
RDI13 15 M3
RD14 16 N3
RDI15 17 P2
POWER AND GROUND
PIN NUMBER___|
PIN NAME FLTPK | _PGA TYPE | ACTIVE DESCRIPTION
Vbp 34 H3 -- -- +5 VDC Power. Power supply input.
67 N9
100 G13
132 c7
Vss 3% I:}g -- -- Reference Ground. Zero Volts DC, logic ground.
66 H13
99 &
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11.0 ABSOLUTE MAXIMUM RATINGS (1)
(Referenced to Vgg)
SYMBOL PARAMETER LIMITS UNIT
VoD DC supply voltage -03to +7.0 A%
Vro Voltage on any pin -03toVpp + .3 Vv
I DC input current +10 mA
TstG Storage temperature —65to +150 °C
Ly - . Latchup immunity (2) +150 mA
Pp Mazximum power dissipation 600 mW
T Maximum junction temperature +175 °C
0Q)c Thermal resistance, junction-to-case (3) 10 °C/W
Notes:

1. Stresses outside the listed absolute maximum ratings may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond limits indicated in the operational sections of this
specification is not recommended. Exposure to absolute maximum rating conditions for extended periods may affect device

reliability.
2. See discussion of test techni?luc (lfzfure 42).
3. Test per MIL-STD-883, Method 1012,

12.0 RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER LIMITS UNIT
Vpp DC supply voltage 45t05.5 v
Tec Temperature range —55to +125 °C
VIN DC input voltage 0to Vpp v
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13.0 ELECTRICAL CHARACTERISTICS
Vpp =5.0V+10%; —55C° < Tc < + 125C°)

T-49-19-16

SYMBOL

PARAMETER

CONDITION

MINIMUM

VL

Low-level input voltage
TTL inputs

Vi

High-level input voltage
TTL inputs

Input leakage current
TTL inputs .
Inputs with pull-down resistors
Inputs with pull-up resistors

VIN = Vpp or Vss
VIN = VDD
VIN = Vss

Low-level output voltage
TTL outputs
CMOS outputs

IoL=32mA
IoL = 6.4 mA
IoL = 1pA

Note 6,

High-level output voltage
TTL outputs
CMOS outputs

Tom = —400 pA

Iop = ~800 pA
Iog = —1pA

Note 6.

Three-state output leakage
current
TTL outputs

VO = VDD or Vss

+10
+20

Short-circuit output current
(23)

Vpp =5.5V, Vo= Vpp

Vop =55V, Vg=0V

-100

—200 Note 6.

100
200

Note 6.

Input capacitance (3)

F=1MHz@O0V

Output capacitance (3)

F=1MHz@0V

Bidirect I/O capacitance (3)

F=1MHz@O0V

Average operating current (1,5)

F = 16 MHz, C = 50 pF
F = 12 MHz, C_ = 50 pF

Quiescent current

Note 4.

Notes:

. Supplied as a design limit, but not guaranteed or tested.
. Not more than one output may be shorted at a time for a maximum duration of one second.
. Measured only for initial qualification, and after process or design changes that could affect input/output capacitance.
. All inputs with internal pull-ups or pull-downs should be left open circuit, all other inputs tied low or high. input pin asserted.
. Includes current through input pull-ups. Instantaneous surge currents on the order of 1 ampere can occur during output switching.
Voltage supply should be adequﬂgly sized and decoupled to handle a large current surge.
D5,

. Double buffer output pins (i.e., R/WR, M10,).




UNITED TECH MELEC CENTER 49E D WM 9343947 0002199 O EEUTM

T-49-19-16

14.0 AC ELECTRICAL CHARACTERISTIC

VMN— — — — T\~ —— — — —— — ——— V,, MIN .
INPUT e - = = —— — —— =y uAX

Y, MaX | ky, i
t ]
a —— e —— — —__V_MN
IN-PHASE F_ ! — e ___
OUTPUT | | VoL MAX
OUT-OF-PHASE ( t d
OUTPUT k—‘ | - — —— —— — ——V4yMN
c VvV . MAX
L N
| 4 t A oL
BUS | | V,, MIN
X Y Y \ V_ . MAX
] 1 oL
r_t
k t
N g 1
k ' )
SYMBOL PARAMETER
ty INPUT 4 toresponse
th INPUT 4 toresponse <
t. INPUT 4 toresponse
tq INPUT  toresponse 4 .
to INPUT  to data valid
te INPUT  to high Z
tq INPUT 4 to high Z
th INPUT 4 to data valid

*Unless otherwise noted, all AC electrical characteristics are guaranteed by design or characterization.
Figure 32a. Typical Timing Measurements

S5V

IREF (source)

3V .
¢ 90%
VREF :
[ ]
: 10%
50 pF
" ov
. .
¢ ’
IREF (sink) <2ns <2ns
Note: Input Pulses
50pF including scope ‘
probe and test socket. Figure 32b. AC Test Loads and Input Waveforms

48
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____//’___"\\___d/’___—“\___d/’____?\____/’—__—1\____/’"___\
£ wdh

e
|
=

t34k

OPERAND ADDRESS
ADDRESS VALID

—>
OPERAND

DATA DATA
VALID
. : —  t3at -l 13au

SYMBOL PARAMETER

t34a * OSCIN low to STATET high
t34b * OSCIN low to STATET low
t3af * OSCIN low to DS inactive
134q * OSCIN low to DS active
t34h * OSCIN high to DS inactive
134i OSCIN low to DS high Z
134j * OSCIN low to R/WR active
134k OSCIN low to R/WR high Z
341 * OSCIN low to M/TO low
t34m* OSCIN high to M/IO high
__t34n OSCIN low to M/IO high Z
t34r _* OSCIN low to address valid
134s OSCIN high to address invalid
134t Data setup time
t34u Data hold time

=
E—l

ol |lojl cloj! o]l Pleie|e]e

Rlolt le|t lele|t el lelele|ele

(7]
Y

Note:
*Guaranteed by test.
. Figure 33. /O Read Cycle
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_/_‘:&_/j_
T ek
L_/—:'\'L 35h —»

—> [—1t35¢g
t35v —»

L t35m —»

M/0

OPERAND /
ADDRESS t

OPERAND
DATA

ADDRESS
VALID

é

SYMBOL PARAMETER

t35a * OSCIN low to STATET high
t35b * OSCIN low to STATET low
t35f * OSCIN low to DS inactive

t35g * OSCIN low to DS active

t35h * OSCIN high to DS inactive
t35i OSCIN low to DS high z

35] * OSCIN low to R/WR inactive
t35k OSCIN low to R’'WR high 2
i351 * OSCIN low to M/IO low

t35m* OSCIN high to M7IO high

135n OSCIN low to M/IO high Z
135r * OSCIN low to address valid
135s OSCIN high to address invalid
135t * OSCIN low to data valid

t35u OSCIN high to data invalid (high 2)
t35v * OSCIN high to R/WR high

OlOIOIOOlOIOOQOO;

ol jof1 [o]I jo|o]l o]l |lojlo|ele|o

Figure 34. I/O Write Cycle

e
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M’ \
| t36b __)l L_
| ]I t36h —> /|<—
L_ —> t36g —>

M0

le—
OPERAND /
ADDRESS t_

OPERAND
DATA

-y
>

SYMBOL PARAMETER

t36a * OSCIN low to STATET high
t36b * OSCIN low to STATET low
t36f * OSCIN low to DS inactive
1369 * OSCIN low to DS active
t36h * OSCIN high to DS inactive
136i OSCIN low to DS high Z
t36j * OSCIN low to R/WR inactive
136k OSCIN low to R/WR high Z _
t361 * OSCIN low to M/IO high
t36n OSCIN low to M/IO high Z
t36r * OSCIN low to address valid
t36s OSCIN high to address invalid
t36t Data setup time

t36u Data hold time

=
z

2
Rlelt o]t o]t o] eleleleiclz

Rlolt lelt o]t [o]t |ole|elele

Note:
*Guaranteed by test.

Figure 35. Operand Port Read Cycle
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OSCIN NM? N @
I
1
| /
svaEr v Tk
a
[
US | }I t37h —>» L
137f — L— —> K—t37g — <—{37i
R/WH t37v — F _t
137j ~> ﬁ - t37k
MO /
1371 — I(— 4 T R
OPERAND / ADDRESS
ADDRESS s I:_ _VALID )
t37r —> - 137s
OPERAND / SETA
DATA I:_ YALID
—> t37t t37u —»
12 MHz 16 .
SYMBOL PARAMETER MIN | MAX | MIN | MAX UNITS
t37a * OSCIN low to STATET high 0 42 0 33 ns
t37b * OSCIN low to STATET low 0 39 0 33 ns
t37f * OSCIN low to DS inactive 0 54 0 45 ns
137g * OSCIN low to DS active 0 37 0 35 ns
t37h * OSCIN high to DS inactive 0 50 0 38 ns
137i OSCIN tow to DS high Z - 50 - 38 ns
137j * OSCIN low to R/WR active 0 51 0 42 ns
137k OSCIN low to R’"WR high Z - 50 - 38 ns
1371 * OSCIN low to M/TO high 0 53 0 42 ns
137n OSCIN low to M/IO high Z - 50 - 38 ns
t37r * OSCIN low to address valid 0 57 0 45 ns
137s OSCIN high to address invalid - 55 - 41 ns
137t * OSCIN low to data valid 0 64 0 48 ns
137u QSCIN high to data invalid (high Z) - 80 - 60 ns
t37v * OSCIN high to R/WR high 0 72 0 54 ns
Note:
*Guaranteed by test.

Figure 36. Operand Port Write Cycle
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Must have BGT active here Must have DTACK active here
for no wait states for no wait states

1 2

OSCIN 1_/_—\_/—\5

e 138j __77

e— 138i

Lo

L

—

R/WR

M/10

ADDRESS
VALID

OPERAND
ADDRESS

OPERAND
DATA

>__

DATA
VALID

/
{
\
{
\
4
\
{
\

) S—
) E—
X
X

16 MHz
SYMBOL PARAMETER MIN | MAX

t38a * QSCIN low to STATET high 33
t38b * OSCIN low to STATET low 33

t38c * OSCIN high to BRG low 41
t38d * OSCIN low to BRQ high 44
t38e BGT setup time -
t38t BGT hold time

138q * OSCIN low to BGACK active
t38h OSCIN low to BGACK high Z
t38i DTACK setup time

t38] DTACK hold time

138k BUSY setup time

138! BUSY hold time

42

anh § ek -—b i
slalelal kelelalelelele
b | -b -h -k
slI3leldlt elelalelelee

Notes:

* Guaranteed by test.
1.BGT must be active and BUSY high at this clock edge or wait states will occur.
. 2.To avoid wait states, DTACK must be active here.

Figure 37. DMA No Wait State
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1-49-19-16
oson ___~ R _ ¥ ___4 Y N
t39b —» c—
STATET /’
139a —_>
—> <— t39d
OE 1 h
-_— €<— t39¢
N
WE N
e e
1396 —> t39f
N\
INSTRUCTION ADDRESS ><
ADDRESS y VALID
t39g — —> <— t39h
INSTRUCTION DATA N\
DATA VALID A
t39i —ﬁ —>  |&— 139
SYMBOL PARAMETER 12 16 UNITS
MIN | MAX | MIN | MAX
t39%9a * OSCIN low to STATET low 0 39 0 33 ns
t3sh * OSCIN low to STATET high_ 0 42 0 33 ns
t39¢ * OSCIN high to OE high 0 [ 52 1 o] 39 ns
t39d * OSCIN low to OE low 0 46 0 37 ns
t39e * OSCIN high to WE low 0 50 0 40 ns
t39f * OSCIN high to WE high 0 49 0 37 ns
t39g * OSCIN low to address valid 0 65 0 49 ns
t38h OSCIN low to address high Z - 50 -~ 38 ns
t39i OSCIN high to data valid - 55 - 41 ns
139j OSCIN low to data high Z - 52 - 39 ns
Note:
*Guaranteed by test.

Figure 38. STRI Command Timing




UNITED TECH MELEC CENTER 49E D W 9343947 000220L 4 EMUTM

INSTRUCTION
ADDRESS

INSTRUCTION
DATA

T-49-19-16

/—u—\ / AN

t40d

L t40c

ADDRESS
VALID

t40h

DATA
VALID
140i
140j

s
=

(S
X

SYMBOL

PARAMETER

taoa *

OSCIN low to STATET low

t40b "

OSCIN low to STATET high

t40c

OSCIN high to OE low

140d

OSCIN low to OE high

t40e

OSCIN high to WE high

t40f

OSCIN low to WE low

t40g *

OSCIN low to address valid

t40h

OSCIN low to address high Z

t40i

Data setup time

140j

Data hold time

Note:

*Guaranteed by test.

Figure 39. LRI Command Timing
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T-49-19-16
\\
TIMCLK / ‘
ta1a t41b
SYMBOL PARAMETER itz e Mz yirs
t41a * TIMCLK low time 32 - 24 - ns
taib * TIMCLK high time - 50 - 38 ns
Note:
*Guaranteed by test.
Figure 40. UART and Timer A/B TIMCLK Timing
\\ //
MRST
t42a
[ 12MHz 16 MHz .
SYMBOL PARAMETER MIN | MAX T MIN | MAX UNITS
ta2a MRST Pulse Width 83 | - | 62| - ns

Figure 41a. Master Reset Timing

TEST \ i

ta2p
\‘ ,/
MRS \
12 16 MHz
SYMBOL PARAMETER MINT MAX TMINT Max | UNITS
ta2p MRST Timing with TEST active 83 - 62 - ns

Figure 41b. Master Reset Timing when TEST is Active .
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T-49-19-16

150mA — = = CURRENT
METER

vDD

DUT

INPUT OR
OUTPUT

PULSE
GENERATOR

GND

Figure 42. Latchup Test

LATCHUP TEST CONFIGURATION The UT69R000AR has latchup immunity in excess of

Figure 42 shows the latchup test. VDD holds at +5.5 +150 mA for 500 ms.
VDC, and Vss holds at ground. The device test is at

125°C. Each type of I/O alternately receives a positive

and then negative 150 mA pulse of 500 ms duration. The

current is monitored after the pulse for latchup

condition. To prevent burnout, the supply current is

limited to 400 mA.
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150 PACKAGING

; 1.570
r 1.548 A= .

oe D

145 _ 4
@70 g N
@.138 :8.9108
El 590 r H
| . <
- - - - - — 1.548
/PLFN»: cl
I
-B-
A
£\ p1n 1 tnpex
(GEOMETRY OPTIONAL) XEITEES) @]A
B30 ClA B
TOP VIEW &
DIVEL 2.c1e®@p! SA&
o 8.018 :0.002
l.4$
9. 100 |~ A—L ‘
(BASE PLANE)
Ji-YololololoYolYololoYololote Lm
PIOOQOEROOOOOOROOOO + PLrces
NOOOEREROOEEEEEOEE
SIDE VIEW
OO OO
LIOEE : @EO
K Q@O 02010
; ©10]0)
" -
G 010XC,
F @O Notes:
£ QEE 1. Package material: Opaque ceramic.
0 01010, 2. True position applies at base plane (Datum C).
3. True position applics at pin tips (Datum C1).
c @ @ @ @ @ @ 4. All package plating finishes are per MIL-M-38510.
5. Letter designati f f
B OEOOEEE tte;vi -;gilauons are for cross-reference
A EOEEEE 6. Geometry of index mark cannot be an alpha or
numeric symbol.
| 7. All VDD pads are connected to the power plane, die-
it 2 3 4 5 6 7 8 9 18 11 12 13 14 1 attach pad and external pins H3, N9, G13, and C7.
0.0 MIN. TYP L 8. All VSS pads are connected to the ground plane and 4
: ’ ’ external pins J3, N8, H13, and C8.
PIN 1 INDEX
QUADRANT .
Pin Usage: PGA BOTTOM VIEW A-A
113 - IO
8 -  Power and ground
20 - Noconnect (B13,C2,N14,P3,R1, ‘

D3, M13, A5, E1, Al, L2, N4, RS, . .
BS, P11, Al1, C12, E14,K15,115)  Figure 43. 144-Pin Pingrid Array
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|
T-49-19-1¢
DsE 1.525
1.480 goq.
DIVEL
le——— ©.950 $8.0415 SO——
|_—PIN 1 I.D B. 138 MAX
/ [ J|.e25| REF.
-C- (-
0.025
| = 1TYP.
= ¥ N
|
] | Rars |.@@9®|c|
66 X ©.011+0.082
t
I
!
B.059 ';E
REF. SQ.
3 PLACES TOP VIEW
L
. BM§5@ SEE DETAIL F!_/
N
REF. LEAD KOVAR c A -
. +@.003
. SIDE VIEW 9.985 g po
84@
——— ——
— I _—
:2 ——————— i
e _
e X —_— @ @18 MAX. REF.
e _ _ _ —_— 0.6814 MAX. REF. -—
— - P AT BRAZE PADS DETRIL R
— ! —
| o | _
—_—— —_— Notes:
| ——— e ——va— °
—_— _— 1. All package plating finishes are per
= _i MIL-M-38510.
1 ' 2. Lead numbers 34, 67, 100, 132 are
connected to the Vpp plane. Other
leads can be used for Vpp
connections.
I Sl 3. Lead numbers 33, 66, 99, 1 are
| a.4a@5> MIN. TYP, connected to the Vgg plane. Other
leads can be used for Vgg
connections.
4. The lid is connected to Vss.
5. Letter designations are for cross-

BOTTOM VIEW A-A

Pin Usafe: FLTPK
113

8 -
8-

Power and ground
No connect (2, 32, 35, 65, 68, 98,
101, 131)

reference to MIL-M-38510.

Figure 44, 132-Lead Flatpack (Unformed Leads)
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16.0 ORDERING INFORMATION

To order the Standard Military Drawing UT69R000, use the following part number guide:
(Check factory for availability)

UT69R000

*% * *

.

Lead finish
A
C
X

Package Options
X

Y

Device Type
01
02

solder
gold finish
any

144-pin PGA
132-lead Flatpack - unformed leads

12 MHz
16 MHz

T-49-19-16

e ———




