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Integrated Interrupt Request Controller, Timer, and
Serial Data Transmitter/Receiver

930 Series processor interface
¢ 40 MHz operation

e 15-channel Interrupt Request Controller
— Individual interrupt masks
— Positive and negative level and edge trigger
options for each channel
¢ Four independent 16-bit timers
— Prescalers for two timers
— Five modes of operation for each timer

¢ Two Serial Data Transmitter and Receiver Units
— Compatible with MB89251
— Synchronous or asynchronous operation
— 5 to 8 bit character length selection
— Parity bit option
— Internal or external synchronous mode options

—~ One (MONOSYNC) or two (BISYNC)
synchronous character options

¢ 0.8 micron gate CMOS technology.

The MB86940 930 Series Companion Chip is a
combination interrupt request controller (IRC), timer,
and serial data transmitter/receiver (SDTR) that is
designed for use with the 930 Series 32-bit RISC
embedded processors.

Theinterrptcontrollersupports 15 maskable, prioritized
interrupts. The system processor can program each
interrupt channel to trigger in response to a high level, a
low level, arising edge, or afalling edge. The IRClatches
the interrupt requests and asserts the encoded level
number of the highest—priority interrupt on the IRL.<3:0>
Interrupt Request Bus to interrupt the processor and
identify the interrupt.

The timers can generate periodic interrupts and square
waves, and feature two watchdog modes. They can be
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clocked by two prescalers, by external clocks, or by the
internal MB86940 clock.

The two Serial Data Transmitter and Receiver (SDTR)
units support both synchronous and asynchronous
modes, and are program—compatible with standard serial
communication devices. They operate independently
and can be clocked with the internal MB86940 clock,
with external clocks, or with clocks generated by the
on—chip timers. Each SDTR supports the communication
protocol and handshaking signals necessary for modem
interface and control.

PACKAGE OPTIONS
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PIN ASSIGNMENT — 135-PIN PGA

PIN PIN PIN
NO. PIN NAME TYPE | NO. PIN NAME TYPE | NO. PIN NAME TYPE
1 D4 I} 446 D7 l{e] 91 D6 /O
2 D2 o 47 RSO | 92 NC —
3 NC - 48 RSI1 I 93 RS2 |
4 NC - 43 RS3 ! 94 VCC —
5 NC — 50 VCC — 95 -CS —
6 DO l{s} 51 -AS | 96 -RESET 1
7 -DTRoO o} 52 CLOCK | 97 D5 110
8 TRNDTO o} 53 VvCC - 98 GND —
9 TxRDYO (e} 54 D3 l{e] 99 VvCC —
10 RxRDY0 o 55 VvCC - 100 WSEL I
11 ~-TCLKO ] 56 NC - 101 GND —
12 NC — 57 D1 I{e} 102  vCC —
13 NC — 58 -RTSO e} 103 -DSRO |
14 Do Not Connect — 59 TxEMPO @] 104 RCLKO |
15 Do NotConnect — 60 SYBRKO [l{e] 105 GND —
16 Do NotConnect — 61 -CTSO i 106 NC —
17 PRSCKO e} 62 RCVDTO 1 107 GND —
18 OQUTO o] 63 NC - 108 VCC —
19 PRSCK1 [e] 64 NC - 109 CLKO |
20 IN1 | 65 Do NotConnect - 110 GND —
21 IN2 | 66 ACKO | 111 vCC —
22 CLK2 ! 67 INO | 112 NC —
23 NC — 68 ACK1 | 113 CLK3 |
24 NC — 69 CLK1 1 114 GND —
25 OUT3 o 70 OUT{ e} 1156 NC —
26 RCLK1 | 71 OUT2 o 116  GND —
27 -READY1 [e] 72 NC - 117  VvCC —
28 -CTst | 73 IN3 1 118 TxEMP1 o}
29 -DSRA1 | 74 RCVDTH 1 119  GND —
30 SYBRK1 1o 75 -READY2 Q 120 VvCC —
31 TRNDT1 [e] 76 -TCLKA1 1 121 IRQ3 |
32 -RTS1 [e] 77 BRxRDY1 (e} 122  IRQ7 |
33 IRL1 o] 78 TxRDY1 (o] 123 GND —
34 IRL2 o] 79 -DTR1 (o] 124 D13 /0
35 NC 80 IRLO e} 125 GND —
36 IRQR2 | 81 IRL3 (o] 126 VCC —_
37 IRQ5 | 82 IRQ1 | 127 RQ14 I
38 IRQ8 | 83 IRQ4 | 128 GND —_
39 IRQ9 | 84 IRQ6 | 128 VCC —
40 D15 /0 85 NC - 130 R&4 |
41 D10 110 86 D12 [I{e] 131 RD/WR |
42 IRQ10 | 87 DN 110 132 GND |
43  IRQ12 | 88 IRQi1 | 133 Do Not Connect —
44 |RQ15 | 89 IRQ13 I 134 NC —
45 D8 170 80 D9 /0 135 D14 Vo]
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PIN ASSIGNMENT — 144-PIN QPFT

PIN PIN PIN
NO. PIN NAME TYPE | NO. PIN NAME TYPE | NO. PIN NAME TYPE
1 VvCC — 43 NC — 97 NC —_
2 [RQ11 ! 50 RCVDTH i 98 NC —
3 IRQ10 I 51 RCLK1 | 99 NC —
4 |RQ3 i 52 TxRDY1 ¢} 100 D6 l{e}
5 IRQ8 i 53 SYBRKI1 e} 101 D7 /O
6 |RQ7 1 54 VCC — 102  GND —
7 IRL3 e} 56 GND — 103 Do Not Connect —
8 IRL2 o 56 -DTR1 o 104 Do Not Connect —
9 GND — 57 TRNDT1 O 105 Do Not Connect —
10 IRU1 (o} 58 -RTS1 o 106 Do Not Connect —
11 IRLO [} 58 -CTst | 107 NC —
12 IRQ6 | 60 -DSR1 | 108 NC —
13 IRQ5 | 61 CLKO | 109 NC —
14 1RG4 1 62 INO | 110 NC —
15 IRQ3 | 63 ACKO | 111 NC —
16 NC — 64 PRSCKO e] 112 NC —
17 -READY2 (o] 65 OUTO o] 113 WSEL |
18 VvcCC — 66 GND — 114 VvCC —
19 GND — 67 OUT1 o 115 vCC —
20 -READY1 (o] 68 PRSCK1 o] 116 VCC —
21 NC — 69 ACK1 | 117 GND —
22 [RQ2 | 70 IN1 | 118 -RESET I
23 IRQ1 | 71 CLK1 | 119 CLOCK |
24 NC — 72 NC — 120 -AS |
25 NC — 73 VvCC — 121 RD~WR |
26 -DSRO | 74 CLK3 | 122 -Cs |
27 -CTsS0 | 75 IN3 | 123 vee —
28 -RSTO o] 76 CLK2 | 124 D8 l{e]
29 TRNDTO (o] 77  IN2 | 125 D9 l{e]
30 GND — 78 Do NotConnect — 126 VvCC —
31 -DTRO @] 79 OUT2 o 127 GND —
32 SYBRKO 1’0 80 OUT3 o] 128 D10 (o]
33 TxRDYO @] 81 GND — 129 D11 (o]
34 RCLKO | 82 Do l{e] 130 RS4 1
35 NC — 83 D1 l{e] 131 RS3 |
36 NC — 84 NC — 132 RS2 |
37 NC — 85 NC — 133 NC —
38 NC — 8 NC — 134 RSt |
39 NC — 87 NC — 135 RSO0 |
40 RCVDTO | 88 D2 l{e] 136 D12 l{e}
41 -TCLKO 1 89 D3 l{e] 137 D13 lie]
42  TxEMPO (o] 90 VvceC — 138  GND —
43 RxRDY0 o 91 GND — 139 D14 o
44 RxRDY1 o 92 D4 l{e] 140 D15 l{e]
45 GND — 93 D5 l[e] 141 IRQI15 |
46  TXEMP1 (o] 94 NC — 142 IRQ14 1
47 NC —_ 95 NC — 143  IRQ13 |
48 -TCLK1 | 96 NC — 144 IRQ12 |
3
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1 [ 21381 als el z]sas e [0 a]i
ojolotlojo|]O0|lO0O(O[O|O|O}O|O

D4 D2 NC NC NC DO |-DTRO] TAND | TxAD | AxRD | -TCLK | NC C NC

52 | 53 [ 54 1 55 [ 56 [ 67 [ 58 [ 689 | 60 | &1 [ 62 | &3 15
C]1O0 |00

CLOC | vCC D3 VCC NC D1 —ATSO | TxEM | SYBR |-CTS0 | RCVD | NC
51 96 97 98 99 100 101 102 103 104 105 106

cle|e® | 0Ol |®| 0|0 | @ O

—y
(&)

14

08gl80a50R|3
O

_as |rese| b5 | anp | voc |wseL | anp | voo | -Dsro| RoLko| anp | NG NC
50 | 95 | 132 133 | 107 17
OO0 | @ INDEX O | @ O
vce | -Cs | aND NG | anp | acko | PRsc
29 | 94 | 131 108 | 67 18
@ | O| O
Rs3 | vec | ro- vee | INo | outo
48 | 93 | 180 109 | 68 19
O]l 0| O O| O] O
Rs1 | RS2 | Rs4 cLko | acki | pRsc
47 92 129 110 69 20
@ ® | O| O

RS0 NC VCC BOTTOM VIEW GND CLK1 INA
46 91 128 111 70 21
O|l]0O0; @ ] O
o7 | os | anD vee | oot | N2
45 | 90 | 127 1z | 7 2
O O O]l 0| O
pg | Do |iRais NC | ouT2 | clke
44 | 89 | 126 13 | 72 2
O e O] O
{RQ15 | IRQ13 | VCC CLK3 NC NC
43 | 88 | 125 | 135 134 | 112 | 73 24
o O| @] O| O

irai2 | IrRa1t | GND | D14 NG | GND | iNa | NC
42 | 87 | 124 | 123 | 122 | 121 | 120 | 118 | 118 | 117 | 116 | 115 | 74 25

oclo(lo|le|OlOC | ® e@|C|®| | @]|O| OO

IRQ10 | Did D13 GND | 1RQ7 | IRQ3 | vCC GND | TxEM | vCC GND NC RCVD | OUT3
41 86 85 84 83 82 81 80 79 78 77 76 75 26

olo|jolojojoflfolOoO|J]O|OlO]|O

D10 D12 NC IRQ6 | IRQ4 | IRQ1 JRL3 IALO | -DTA1 [ T™XAD [ AxAD | -TCLK | -AEA | -RCL
40 39 38 37 36 35 34 33 32 31 30 29 28 27

O|lolojOo|O0OlO|lO}jJO[O|OJO]0O0|0O]|O

D15 | 1RQ9 | IRQ8 { IAQS | IRQ2 NC IRL2 IAL1 | -ATS1 [TANDT1| SYBRK1 ~DSR1| -CTS1 |-READY

[ MB86940CPR-G
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Block Diagram

o8
FUJITSU

IRL<3:0>

SYSTEM
CLOCK

—RESET
-AS
RD/-WR
-CS
RS<4:0>

D<15:0>
-READY1
-READY2

~DSRO, -CTS0
-RTS0, -DTRO
TRNDTO,TXEMPO
TxADYO

~TCLKO
RCVDTO, RCLKO
SYBRKO
RxADYO

-DSA1, CTsH
-ATs1, -DTRA
TANDT1, TxEMPA1
TxRDY1

~TCLKA
RCVDTY, RCLK1
SYBRK1

RxRDY1

IF|L<3:OI>RC

CLOCK
RESET

R/W CNTL
D<15:0>

CLK F>RS%XTCK
D<15:0> PRSCK

<15:1>IRQ

[— ACKO

CLK TMOF‘F(SCK
RESET EXTCK
R/W CNTL IN
D<15:0> ouT

]V PRSCKO

l«— CLKO
—— NO
—» OUTO

CLK PRSEXTCK
D<158:0> PRSCK

[e— ACK1

CLK TM1FHSCK
RESET EXTCK
R/W CNTL IN
D<15:0> ouTt

j’ PRSCK1

r—— CLK1
[ N1
[ OUT1

INTERNAL CLOCK

cLock BY
—»{ RESET
—» AS

AW

IRCSEL

RSEL<4:0>

D<15:0> &
- SDTRO
-« ] MopEM oLk
-~ AESET
<—:| TRANS  R/W CONTROL
—
—» D<7:0>
- ] RECV
<—
— ] MODEfADTm
- SCLK
- RESET
<—] TANS  RW CONTROL
—
——
<—>] AECV D<7:0> [
<—.

T™2
CLK
RESET EXTCK
R/W CNTL IN

D<15:0> out

fe— CLK2
[&—— IN2
— OuUT2

T™M3
CLK
RESET EXTCK
R/W CNTL IN

D<15:0> ouT

[&—— CLK3
[— IN3
—® OUT3
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Signal Respresentation
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( -AESET IRQ<15:1> ) '(T:)
SYSTEM
CLOCK oo )
-AS PRSCKO
RD/~WR cLKD
-Cs INO
MPU AS<4:0> ouTo
INTERFACE
(33) D<15:0> AGKi
PRSCK1
CLKI TMER
IAL<3:0> IN1 (16)
—READY1 OUTH
-READY2
| WsEL oLK2
MB86940 N2
ouT2
CLK3
IN3
outs
( 3\
-DSR1 _bsRo
-RTS1 -RTSO
-DTRI -DTRO
~CTS1 ~CTS0
TRANDTH TRANDTO
ng ’: TXEMP1 TXEMPO ngoR
(12) TxRDY1 TXRDYOD 2
—TCLK1 ~TCLKO
RCVDTI ACVDTO
ACLK1 ROLKO
SYBRK1 SYBRKO
| RxRDY1 FXRDY0
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MPU Interface Signal Descriptions

Name Type Description

—RESET I Reset input signal.

SYSTEM I System clock signal. Intemal logic uses a clock derived from this clock signal, but at half the

CLOCK frequency.

-AS | Address Strobe. Theregistertobeaccessedis determinedby the states of RS<4:0>,~CS, and
—RD/WR while —AS is asserted.

RD/WR I Read/Write. Identifies an operations is a read when high, and as a write when low.

-CS | Chip select signal.

RS<4:0> | Register Select. A bus used to select an MB86940 register that is to be read or written.

—READY 1 0 Ready. The READY1andREADY2signals areidentical ready signals thatare available ontwo

—-READY 2 pins for drive purposes. The MB86940 asserts ready during write operations to indicate that it
has received data that is written by the processor, and asserts ready during read operations to
indicate that it has asserted data that is to be read by the processor onto the data bus. The
signalsare notusedif the intemal ready is used by programming the processorfor wait states.
Both signals are open drain outputs capable of 12mA low-level drive. The signals are driven
high for approximately 3nis before transitioning to high impedance.

D<15:0> 110 Data Bus. The bus used to transfer data between the MB86940 and the processor.

IRL<3:0> 0] InterruptRequest Level. Abususedtointerruptthe processorwhen aninterruptoccurs, andto
identify the highest-level pending interrupt.

WSEL | Wait Select. Selects two wait states (three—cycle access) when tied low, and one wait state
(two—cycle access) when tied high.

Interrupt Request Signal Descriptions
Name Type Description

IRQ<15:1> | Interrupt Request. These are prioritized system interrupt requests. IRQ15 has the highest
priority, and IRQ1 the lowest.
The triggerforeachinterruptcanbe programmedforahighlevel, alowlevel, arisingedge, ora
falling edge. The level-trigger interrupt request signals are sampled during three successive
intemal clock periods to minimize false interrupts.
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Timer Signal Descriptions

Name Type Description

CLK<3:0>1 I Timer extemal clock input. In the external clock mode, this signal is synchronized with the
internal clock before use.

OUT<3:0>2 o} Timer output pin. According to the mode, the output wave functions as
(1) periodic interrupt signal output;

(2) square wave output;

(3) one—shot pulse output.

IN<3:0>1 | Count control input. These inputs are used as gate signals in Modes 0 to 3, and as extemal
triggers in Mode 4.

ACKO | Asynchronous clock. These are prescaler input clocks that are used when selected in the

ACK1 Prescaler registers. The clocks are synchronized with the intemal clock and are divided and
output to the PRSCKXx pin. When not used, they should be tied low.

PRSCKo? o Prescaler output.

PRSCK1#

1. When not being used, these pins should tied high or low.
2. These pins will be low during reset.

SDTR Signal Descriptions

Name Type Description
-DSRo | Modem Data Set Ready signal. The status of these pins is loaded into bit 7 of the
—DSR1 corresponding SDTR status register.
-RTS0 0 Modem Request to Send signal. When bit 5 of the command registeris setto 1, these signals
-RTSH are driven low.
-DTRoO 0 Modem Data Terminal Ready or Rate Select signal. When bit 1 of the command register is set
-DTR1 to 1, these signals are driven low.
~CTS0 | Modem Clear to Send signal. A transmitter is enabled only when its corresponding —CTSx
-CTS1 signal is low.
TRNDTO O Serialtransmitdata, Parallel data written in the data registeris converted into serial data, then
TRNDT1 transmitted through these pins.

Inthe asynchronous made, startand stop bits are added to data, and a parity bitcan be added.
If there is no data to be transmitted, the SDTR transmits synchronous characters in the
synchronous mode, and enters the mark state in theasynchronous mode, The mark state also
occurs afteratransmit disable commandis specified (bit0 of the command registeris setto 0)
or when —CTS is High. Note that the mark state occurs during transmission after:

(1) One byte is transmitted if a transmit disable command is specified during transmission;
(2) the second synchronous character is transmitted if the first synchronous character was
transmitted (with the synchronous state held) in the BISYNC mode.

TxEMPO o} These signals are driven high if there is no data to be transmitted in the SDTR. These signals
TXEMP1 are driven low at the falling edge of the write signal when the processor writes a byte to be
transmitted.
TxRDYO o} These signals are drivenlow if the transmit data buffer registerbecomes empty with the —CTS
TxRDY1 pin low and the transmitter is enabled.
8
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SDTR Signal Descriptions (Continued)

Name Type Description
~TCLKoO ! Clock for determining the transmission baud rate.
-TCLK1 Inthe synchronousmode, since the baud rate is fixed attransmitclockx 1, the frequency of the

clock to be input to the ~TCLK pin is the transmission baud rate.

In the asynchronous mode, the transmit clock x 1/16 and x 1/64 frequencies will be the
transmissionbaudratein accordance with the baud rate setin themode register. Forexample,
if a clock of 19.2 kHz is input to the —TCLK pin, the transmission baud rate is 1200 baud at x
1/16, and 300 baud at x 1/64. The transmit data is synchronized with the falling edge of this
transmit clock.

RCVDTO | Serial receive datainput. The inputdata is converted to parallel data in the SDTR and can be
RCVDTH read via the system data bus.

RCLKoO | Clock for determining the receive baud rate. Inthe synchronous mode, since the baud rate is
RCLK1 fixed at receive clock x 1, the frequency of the clock to be input to the RCLK pin is the receive

baud rate. In the asynchronous mode, the receive clock x 1/16 and x 1/64 frequencies will be
the raceive baud rate in accordance with the baud rate setin the mode register. Forexample, if
aclockof 19.2kHzisinput to the RCLK pin, the receive baud rate is 1200 baud atx 1/16, and
300 baud at x 1/64. The receive data is sampled at the falling edge of this receive clock.

SYBRKO te} SYBRKO/SYBRK1. When the extemal synchronous mode is set in the mode register,
SYBRKA1 synchronous signalsare outputfrom these pins. IfH-level signals are inputto these pins when
RCLKis high during hunt, the data sampled at the rising edge of the next RCLK will be the start
bitofthe received data. When the intemal synchronous mode is selected, these pins are used
as synchronous characterdetection pins. If the receiveddata coincides with the dataloadedin
the synchronous character register (in the BISYNC mode, data for two characters coincide
with each other), these are driven high. Then, when the MPU reads data out of the status
register, these pins are driven low atthe end of the read—out signal strobe. When used in the
asynchranous mode, these signals function as break code detection signals. if the received
data (including start, stop, and parity bits) is all 0s immediately after a framing error occurs,
these signals are driven high. The signals are released when resetis executed orwhen 1 data

is received.
RxRDY0 o} These pins are driven high when the serial data received at the RCVDT pin is converted to
RxRDY1 paralleldatain the SDTR, allowing the processorto read the data. The signals are driven low

when the processor reads the data.
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Register Map

Register Bit
Name RS04 |15 |14 |13 (1211 |10 (9 | 8 |7 |6 (5 |4 |3 |2 |1 0

00 TMO (Trigger Mode 0)
01 [TM1 (Trigger Mode 1) | -
02 REQ Sense (Read Only) *

IRC 03 REQ Clear (Write Only) >
04 Mask IM
05 ek | cL I IRL
06 PR
o7 P

SDTRO 08 il SDTR Data 0
09 il SDTR CM/ST 0 (Command/Status)
0A I
oB P

SDTR 1 0C FrAh SDTR Data 1
oD R SDTR CM/ST 1 (Command/Status)
OE PP
oF PP

Timer 0 10 PRS0 (Prescaler 0)
11 TCRO (Timer Control Register 0)
12 Reload 0
13 Count 0 value

Timer 1 14 PRS1 (Prescaler 1)
15 TCR1 (Timer Control Register 1)
16 Reload 1
17 Count 1 Value

Timer 2 18 e
19 TCR2 (Timer Control Register 2)
1A Reload 2
1B Count 2 Value

Timer 38 1C il
1D TCR3 (Timer Control Register 3)
1E Reload 3
1F Count 3 Value
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The Interrupt Request Controller (IRC) is a 15—channel,
programmable—trigger interrupt controller that arbitrates
pending unmasked interrupt requests, encodes the
highest—priority interrupt, and interrupts the processor.
The system processor responds by servicing the interrupt
and clearing the latched interrupt request in the IRC.

Figure 1 shows a block diagram of the IRC.

The Trigger Mode Control logic selects one of four
trigger modes for each channel: high level, low level,
rising edge, or falling edge. The processor controls the
triggers by writing to the Trigger Mode registers.

The TIRQ Latch captures each interrupt request. The
system processor reads the latch via the Request Sense
register, and clears the latch by writing to the Request
Clear register.

The IRQ Mask logic allows selective masking of the
interrupts. The processor controls masking by writing to
the Mask register.

©
FUJITSU

ThePriority Encoder prioritizes the interruptrequests and
encodes the highest—priority pending interrupt that is not
masked. IRQ15 has the highest priority, and IRQ1 the
lowest.

The IRL Latch captures the coded interrupt level number
that is generated by the Priority Encoder.

The IRL Mask logic allows masking of all interrupt
requests by forcing the interrupt level asserted on
IRL<3:0> to 0. The processor can still poll for pending
interrupts by reading the Request Sense register even if
the interrupt level is masked. The processor controls
interrupt level masking by writing to the Mask register.

IRC REGISTERS

TheIRC featuressix internalregisters, shownin Figure2.
These registers allow the processor to control IRC
operation and to monitor system interrupt requests that
may be pending. Register addressing is showninTable 1.

IRQ
Latch

Trigger Mode
Control

IRQ
Mask

IRQ1

IRQ2

IRQ3
IRQ4

IRQ5

IRQE

IRQ15

IRL
Latch

IRL
Mask

Priority
Encoder

bove

Figure 1. IRC Block Diagram

B 3749756 0010811 315 1A

11




o8
MB86940 FUHTSU

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
{(Register 0)
15 14 13 12 11 10 9 8 7 6 5 4 3 21 0

Trigger Mode Registers

- - -ff_ - -
IS (Resd Only)
Request Sense Register
2 1 0
e f- -
e fee

Request Clear Register

Mask Register

IRL Latch/Clear Register (Read/Wike)

Figure 2. IRC Registers

12
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Trigger Mode Registers

The Trigger Mode registers control the trigger mode for
each interrupt channel. Two-bit fields in the registers
select one of four trigger modes for each channel as
follows:

MDx Value* Trigger Mode
0 High Level
1 Low Level
2 Rising Edge
3 Falling Edge

* “X” represents a channel humber

Trigger Mode Register 0 controls trigger modes for
interrupt channels 8-15; Trigger Mode Register 1
controls trigger modes for interrupt channels 1-7.

Reset clears the Trigger Mode registers, resulting in high
level triggering for each interrupt channel.

Note: An interrupt channel should be masked before its
trigger mode is changed, or a false interrupt may occur.

Request Sense Register
The processorreads the state of the IRQ Latch through the
Request Sense register to identify pending interrupts.

Bits<15:1> of the register correspond to interrupt
channels 15-1 and indicate, when high, that the
corresponding interrupts are latched and pending. BitOis
reserved.

Reset clears the Request Sense Register.

Request Clear Register

The processor writes to the Request Clear register to clear
the IRQ Latch. The processor typically uses this register
to clear the latch associated with an interrupt when it
services the interrupt.

Bits<15:1> of the register correspond to interrupt
channels 15-1, and writing these bits to 1 clears the
corresponding interrupt latches. Bit 0 is reserved.

Reset clears the Request Clear Register.

Note: The processor should clear the latch associated
with an interrupt following a change in its trigger mode,
or a false interrupt may occur.

B 3749756 0010813 198 W
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Mask Register

The Mask register is used to mask the outputs of the IRQ
Latch from the Priority Encoder, and the output of the
IRL Iatch from the IRL<3:0> bus. The processor uses the
Mask register to mask unused interrupt channels, to
temporarily mask individual interrupt requests, and to
mask all interrupt requests.

Bits<15:1> of the register correspond fo interrupt
channels 15-1, and writing these bits to 1 masks the
corresponding interrupt request.

Bit 0 of the Mask register, MKIRL, masks the output of
the IRL Latch. When MKIRL is set to 1, the IRL Latch
output is masked, and the IRL<3:0> bus is forced to 0.
When MKIRLis 0, the encoded interrupt level number in
the IRL latch is asserted on the IRL<3:0> bus to interrupt
the processor. MKIRL s typically set to 1 (mask enabled)
in systems that poll interrupt requests.

Reset clears the Mask register.

IRL Latch/Clear Register
The processor uses the IRL Latch/Clear register to clear
and read the IRL Latch.

Bit 4, CL, clears the IRL Latch when written to 1.

Bits <3:0>, the IRL field, holds the value of the IRL
Latch. The processor typically reads IRL to identify the
highest—priority interrupt level in systems that poll the
interrupts.

Reset clears the IRL Latch/Clear Register.

Table 1. IRC Register Map

RS<4:0> Register Access
0x00 Trigger Mode 0 R/W
0x01 Trigger Mode 1 R/W
0x02 Request Sense R/-
0x03 Request Clear W
Ox04 Mask RW
0x05 IRL Latch/Clear R/w*
0x06 Reserved -
0x07 Reserved -
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IRC OPERATION

The IRC latches interrupt requests into the IRQ Latch
according to the trigger mode option selected for each
interrupt channel. The Priority Encoder prioritizes the
unmasked interrupts and generates an encoded interrupt
level number for the highest—priority interrupt. The IRL
Latch latches the encoded interrupt level number, which
is then transferred through the IRL Mask logic to the
TIRL<3:0> bus to interrupt the processor. The processor
responds by servicing the interrupt identified on
IRL<3:0>, and clearing the IRL Latch and the latched
interrupt from the IRQ Latch through the IRL
Latch/Clear register. The IRC then generates a new level
number for the highest—priority interrupt that may be
latched in the IRQ Latch.

The interrupt request latency is ten system clock cycles.
That is, the corresponding interrupt level is asserted on
IRL<3:0> ten clock cycles after an interrupt request is
recognized by the IRC.

Polling

The processor can poll interrupts by reading either the
IRQ Latch via the Request Sense register, or the IRL
Latch via the IRL Latch/Clear register.

The processor may mask interrupts that it polls via the
Request Sense register by masking either the IRQ Latch
or the IRL Latch. The processor then periodically reads
the IRQ Latch and clears interrupts from the latch when
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they are serviced. The IRL Latch may remain unmasked
to allow interrupt—driven servicing of some interrupts if
the polled interrupts are masked with the IRQ Latch
mask.

The processor may mask all interrupts when it polls
interrupts via theIRL Latch/Clearregister by masking the
IRL Latch. The processor then periodically reads the IRL
Latch for the highest—level pending interrupt and clears
both the IRL Latch and the interrupt from the IRQ Latch
once the interrupt is serviced.

Initialization

ANIRCregisters are cleared to O by Reset. This results in
high—level trigger mode for all interrupts, and all masks
disabled.

Afterreset, theinterrupt trigger modes should be changed
after the interrupts are masked with the IRQ mask to
eliminate false interrupts. The masks can then be
disabled,

Noise Inmunity

Level-mode triggers are sampled at therising edge of the
IRCinternal clock. Aninterrupt level must be verified by
three successive samples for recognition by the IRC.
Thus a level trigger must be asserted for at least two
internal clock periods (four system clock periods) for
recognition.

Figure 3 shows level-mode trigger sample timing.

IROx

Internal | | I I l | | | ji l f l f |
Clack

CD Not Accept'ed
! 1

'
1 |
IrQX l l [ {3 Not Accepted | { Not
' ' Accepted

1 ' i 1 1 t

1
Ll l l 1
IRGx ! I ! Accepted C>|_ | ! Accepted Ol—‘
] ' 1 1 L

Figure 3. IRC Level Mode Trigger Sample Timing
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al—pur-
pose 16-bit timers. Each timer can be independently
programmed to operate in one of the following five
modes:

Mode 0 — Periodic Interrupt Mode
¢ Mode 1 — Time—out Interrupt Mode
e Mode 2 — Square Wave Generator Mode

Mode 3 — Software Trigger Watchdog Mode

Mode 4 — External Trigger Watchdog Mode.

[

Timer 0 and Timer 1 have clock prescalers that can be
independently clocked by the internal MB86940 clock,
or by asynchronous external clocks (ACKx). The timers
themselves canbeindependently clocked bythe prescaler
clock (PRSCKx), by an external asynchronous clock
(CLKx), or by the internal clock.

Timer 2 and Timer 3 have no clock prescalers but can be
clocked by external asynchronous clocks (CLKXx), or by
the internal clock.

Figure 4 shows a block diagram of the timers and
prescalers, and their clock options. The external prescaler

(o8
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clocks arelabeled ACKx, the prescaler output clocks are
labeled PRSCKx, and the external timer clocks are
labeled CLKx. Note that the asynchronous external
clocks are synchronized internally with the MB86940
internal clock.

TIMER REGISTERS

Each timer has aTimer Controlregister, aReloadregister,
and a Count register for timer configuration and control.
Timer 0 and Timer 1 also have Prescaler registers for
prescaler control. Table 2 shows the timer register map.

Prescaler Registers

The Prescaler register allows selection of the prescaler
clock, the prescaler output, and prescaler value as
follows:

13 11 10

Test Select PCNTR

EXT - External Clock.
Selects the prescaler clock source as follows:

0: Internal clock.
1: External clock.

53 2g2%gs
{2 G o DoOoOD O
A T
Prescaler L MUX Synchronize}——)[ Timer 0 I
:j@—@ MuX ——{ Synchronize ] Timer 1]
[
Lt
MUX —){ Synchronizel—’[ Timer 2 |
.t
MUX |1 Synchronize - Timer 3]
Internal Clock T

Figure 4. Timer/Prescaler Block Diagram
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Test — Prescaler Test Mode.

Setto 1 for testing. The prescaler test modeis intended for
factory use only. Test should therefore remain 0 during
normal operation.

Res — Reserved.
Reserved for future use, and should be written 0.

Select — Prescaler Qutput Select.

Selects one of the eight prescaler outputs for the prescaler
clock out. Each output is one half the frequency of the
previous output (see Figure 5). 01in this field selects the
prescaler counter output, 1 selects one half the frequency
of the counter output, etc.

PCNTR - Prescaler Counter Value.

Determines the prescaler counter output frequency. The
value in this field is loaded into the prescaler counter
when time-out (underflow) occurs.

Reset initializes the Prescaler registers to 0x01. This
initial state selects internal prescaler clock, the highest
prescaler outputclock frequency, andaPrescaler value of
1.

Table 2. Timer Register Map

(o8
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Timer Control Registers (TCR)

The TCR enables and disables the timer and allows
selection and controlofthe timerIn and Outsignals, clock
sources, and operation modes as follows:

15 14 13 12 11 10 9
Qut In Res Test CE CLKSEL
8 7 8 5 3 2 0
OUTCRL Inv Mode Event

Out — Output Signal Level.
A read—only bit for reading the current Out signal level.
‘When Out is 1, the Out signal level is high.

IN — Input Signal Level.
A read—only bit for reading the current In signal level.
‘When In is 1, the In signal level is high.

Res — Reserved.
Reserved for future use. Res should remain 0.

Test — Timer Test Mode.
Set to 1 for testing. The timer test mode is intended for
factory use only, and should therefore remain 0.

RS<:0> Functional Unit Register Name Access
10 Prescaler 0 Prescale Register 0 RW
11 Timer 0 Timer Contol Register 0 R/W
12 Reload Value 0 R/W
13 Count 0 R/~
14 Prescaler 1 Prescale Register 1 R/W
15 Timer 1 Timer Control Register 1 R/W
16 Reload Value 1 RW
17 Count Value 1 R/—
18 Reserved i —
1A Timer 2 Timer Control Register 2 R/W
1B Reload Value 2 R/W
1C Count Value 2 R/~
1C Reserved R —
1D Timer 3 Timer Control Register 3 R/wW
1E Reload Value 3 R/W
1F Count Value 3 R/~

M 374975L 00L081L 9T7 WA
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CE — Count Enable

Enables the timer when set to 1; disables the timer when
cleared to 0. The timer and its prescaler should be
configured for desired operation before the timer is
enabled.

CLKSEL — Clock Select
Selects the timer clock source as follows:

CLKSEL Clock Source
o] Intemal Clock
1 Extemal Clock
2 Prescaler Output Clock (Timers 0 and
1 only)
3 Reserved

The external and prescaler clocks are synchronized with
the internal clock before being applied to the timer.

Caution: The external clock rising andfalling edges must
not coincide with the internal clock’s rising edge; The
external clockfrequency must be no higherthan 1/3 of the
internal clock’s frequency.

OUTCTL — Out Signal Control
Selects the state of the Out timer output signal when the
timer mode is written to the TCR, as follows:

OUTCTL Out State
0 Remains in the current state
1 Asserted high when the TCR is written.
2 Asserted low when the TCR is written.
3 Reserved.

These states are inverted if Inv is set to 1 in the TCR.

Inv — Invert
Inverts the timer Out signal when set to 1.

Mode — Mode Select
Selects the timer mode of operation as follow:

M 3749756 0010817 433 WA
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Mode Timer Operating Mode
(o] Periodic Interrupt Mode
1 Time—out Interrupt Mode
2 Square Wave Generator Mode
3 Software Trigger Watchdog Mode
4 Extemal Trigger Watchdog Mode
5-7 Reserved

Event — Event Select
Selects the timer event gate or trigger as follow:

Event Gate or Trigger
0 Low Level Gate
1 High Level Gate
2 Rising Edge Trigger
3 Falling Edge Trigger
4 Rising and Falling Edge Triggers

The gate or trigger is the In signal.
Reset initializes the Timer Control register to 0.

Reload Register

The Reload register holds the initial value of the timer
counter. The value is reloaded into the timer counter
when time—outoccurs during Mode 0, Mode 1, and Mode
2 timer operation.

15 °

Reload Register

Reset initializes the Reload register to 0.

Count Register
The Count register is a read—only register that holds the
current timer counter value.

15 0

Count Register

Reset initializes the Count register to 0.
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PRESCALER OPERATION

Figure 5 shows a prescaler block diagram consisting of
an 8-bit counter, cascaded divide-by-two flip—flops,
and selector logic.

The 8-bit counter is loaded with the value in the PCNTR
field when it is written to the Prescaler register. The
counter decrements at its clocked frequency and
generates an output to the cascaded flip—flops. The
flipflops successively divide by two to provide eight
frequencies for selection by the selector logic. The
selector logic selects the output of the counter or one of
the divided outputs as the prescaler clock output
according to the value in the Prescaler register Select
field. The clock output, PRSCKXx, may be used to clock
the timer, and is available for external use at the PRSCKx
package pin.

Output Clock Duty Cycles

The clocks generated by the cascaded flip-flops have
50% duty cycles when selected with 1-7 in the Prescaler
register Select field.

The clock generated directly by the prescaler counter,
selected with 0 in the Prescaler Select field, is nota 50%
duty cycle clock. The clock is asserted high until the
counterreaches 1, andis thenasserted low for oneinternal

(o8]
FUJITSU

clock cycle. The clock is then asserted to the high level
while the counterreloads and counts downto 1 again. The
clock is therefore low for one internal clock cycle during
the countdown period.

The timer operation is independent of the prescaler clock
duty cycle.

Counter Loading

When the prescaler is operating in the external clock
mode, a new counter value written into the Prescaler
register PCNTR field is not loaded into the Prescaler
counter until the next rising edge of the PRSCKx
prescaler clock output. The prescaler should therefore be
changed to internal clock mode before writing the
PCNTR field to minimize latency in loading the counter.

TIMER OPERATION

Figure 6 shows ablock diagram of a timer. Each timer is
identical, but only Timer 0 and Timer 1 have prescaler
clock sources.

Timer 0 and Timer 1 can be clocked with the internal
clock, anexternal clock, ora prescaler clock. Timer 2 and
Timer 3 can be clocked with the internal clock or with an
external clock. Timer clock selection is controlled by the
CLKSEL field in the TCR.

15 14 13 12 11 10 9 8 7 6 6 4 3 2 {1 ©

Prescaler Register

L

| I

aaElmasEim

A A 4 A 4 A A 4

+256 512 1024 2048 4096 8192 16384 32768|

MAX <

SELECTOR o

dl

l

PRsCHE
v

PRSCK for internal use

Figure 5. Prescaler Block Diagram
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Timer Operating Modes

Each timer supports five operating modes: periodic
intermpt mode (Mode 0), time—out interrupt mode
(Mode 1), square wave generator mode (Mode 2),
software trigger watchdog mode (Mode 3), and external
trigger watchdog mode (Mode 4). The timer operating
mode is controlled by the Mode field in the TCR.

Periodic Interrupt Mode (Mode 0)

Once the timer is enabled (CE=1) and the mode is
selected, the Out signal level is driven high or low,
depending on OUTCTL, when the Reload register value
loads into the timer counter. The counter then
decrements. When time—out occurs (counter = 0), the
timer Out signal transitions to the high levelif INV = 0in
the TCR. The Outsignal remains at the high level until the
Counter register is read or the Reload register is written.
The Reload register value loads into the counter at
time—out, and the counter continues decrementing.

(o8
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The Out levels are inverted if Inv = 1 in the TCR.
Time—out Interrupt Mode (Mode 1)

This mode differs from Mode 0 in the timer operation at
time—out.

Once the timer is enabled (CE=1) and the mode is
selected, the Out signal level is driven high or low,
depending on OUTCTL, when the Reload register value
loads into the timer counter. The counter then
decrements. When time—out occurs (counter = 0), the
timer Out signal transitions to the high level if INV = 01in
the TCR, and the counter halts. The Out signal remains in
the high level and the counter remains halted until the
Countregisterisread orthe Reload registeris written. The
Reload register value then loads into the timer counter,
the counter decrements, and Out is driven low.

TIMER 0
DO:A5 A ZERO Detect
e R N R R
MPX [ Counter (16 Bit Contral
cLKo » y -
[ Ll
Reload
INO "I Input Control
po:t5 iy TMER
PRSCKI ——
—3 ouT
cLki —Pp!
INt —»
po:ts rmy TMER2
—® out2
Clke —p|
N2 —|
po:s SEmy| TMERS
—» outs
CLK3 ——P]
IN3 ——>

Figure 6. Timer Block Diagram
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The Out levels are inverted if Inv = 1 in the TCR.
Square Wave Generator Mode (Mode 2)

This mode differs from Mode 0in the transition of the Out
signal.

Once the timer is enabled (CE=1) and the mode is
selected, the Out signal level is driven high or low,
depending on OUTCTL, when the Reload register value
loads into the timer counter. The counter then
decrements. When the counter decrements to half of its
reload value, the Out signal transitions to the low level. If
OUTCTL = 2, the OUT signal remains low throughout
the entire first countdown. When time—out occurs
(counter = 0), the timer Out signal transitions back to the
high level. The counter reloads at time—out, and
continues decrementing. The Out signal is therefore a
square wave.

Table 3 shows the square wave high and low times for
various Reload register values represented by “N”. For N
2 2, the period of the square wave is N+ 1, the low level
widthis(N+1)/2+1, and thehighlevel isN/2. N=0and N
=1 are special cases, as shown in the table.

The Out levels are inverted if Inv = 1 in the TCR.
Software Trigger Watchdog Mode (Mode 3)

Once the timer is enabled (CE=1) and the mode is
selected, the Out signal level is driven high or low,
depending on OUTCTL, when the Reload register value
loads into the timer counter. The counter then
decrements. The counter halts and the Out signal
transitions to the highlevel attime—out. However, writing
tothe Reload register before time—outupdates the counter
with the reload value, delaying time—out and the Out
signal transition.

The Out levels are inverted if Inv = 1 in the TCR.
Hardware Trigger Watchdog Mode (Mode 4)

‘When an event occurs at the In pin, the Reload register
value loadsinto the timer counter, the Out signalis driven
low (if OUTCTL =2, the OUT signal is already low), and
the counter decrements. The Out signal transitions to the
high level at time—out. However, the occurrence of
another event at the In pin before time—out updates the
counter with the reload value, delaying time—out and the
Out signal transition.

B 3749756 0010420 328 WA
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The Insignal eventis determined by the Event field in the
TCR and can be arising edge, falling edge, or both rising
and falling edges.

The Out levels are inverted if Inv = 1 in the TCR.
Table 4 summarizes the timer operating modes.

Tables 5-8 show prescaler counter values and output
selections for generating SDTR transmitter and receiver
clocks. Tables 5 and 6 show values for clocks derived
from a 40 MHz external MB86940 clock; Tables 7 and 8
show values for clocks derived from a 39.322 MHz
external clock.

The table values are for x16 the Baud rate clock (Mode
field = 10 in the Mode register). The frequencies in the
second columns (Prescaler Clock) are the closest to the
ideal frequencies that the prescaler can generate for the
various Baud rates.

The prescalers are clocked at half of the MB86940
external clock frequency, so the Divide Factor columns
contain the factors by which half of the MB86940
external clock frequency must be divided to resultin the
prescaler frequencies listed in the second column.

The third columns list the prescaler counter values
necessary to generate the frequencies listed in the second
columns. Thelast entries in the Prescaler Select columns
indicate which prescaler outputs should be used for the
various Baud rates.

Figures 7-11 show timing for the timer modes.

Table 3. Out Signhal wave Timing

Period Low Level
(N+1) (N+1) mod2+1

0 — —
1

High Level

N Nmod2

—_

DA
~Njfo|lol~|W(N
Al N
[/~ 20 O I I )
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Table 4. Timer Operating Mode Summary
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Go/Halt Initial Out Signal Control Functional
Value of ”IN”
Go Halt Loading reset Set Signal
Mode0 Reload Reg Mode Set Reload Reg Reload Reg Time—out Gate
Periodic Interrupt Write After Wirite, Write, Count (“"H" Level)
Mode Set with Time—set Reg Read (“H" Level)
CE=1
Mode1 Reload Reg Time—out, Reload Reg Reload Reg Time—out Gate
Time—out Interrupt | Write After Mode Set Write Wirite, Count ("H" Level)
Mode Set with Reg Read ("H" Level)
CE=1
Mode2 Reload Reg Mode Set Reload Reg Equality Time—out Gate
Square Wave Write After Write, Detection (“"H" Level)
Generator Mode Set with Time—set (“H" Level)
CE=1
Mode3 Reload Reg Time-out, Reload Reg Reload Reg Time—out Gate
Software Trigger Wirite After Mode Set Wiite Write (“H” Level)
Watchdog Mode Set with (“H" Level)
CE=1
Mode4 Input Event Time—out, Input Event Input Event Time—out Rise—Edge/
Hardware Trigger Mode Set Fall-Edge/
Watchdog Both
Table 5. Prescaler Output Clock Derived From 40 MHz
Baud | Prescaler- | Divide | Prescaler- Prescaler Output Select Deviati Duty
Rate Clock (Hz) Factor Counter 1 2 3 4 5 6 eviation Cycle
19200 307200 66 33 2 1.36%
9600 153600 130 64 2 0.16%
4800 76800 260 128 2 0.16%
2400 38400 520 128 2 2 0.16%
1200 19200 1040 128 2 2 2 0.16% 50%
600 9600 2080 128 2 2 2 2 0.16%
300 4800 4160 128 2 2 2 2 2 0.16%
150 2400 8320 128 2 2 2 2 2 2 0.16%
110 1760 11392 175 2 2 2 2 2 2 0.25%
21
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Table 6. Timer Output Clock Derived From 40 MHz

Prescaler Divide Reload - Duty Cycle
Baud Rate Clock (Hz) Factor Register Deviation High Level Low Level
19200 307200 65 64 0.16% 334 32
9600 153600 130 129 0.16% 66 | 64
4800 76800 260 259 0.16% 131 129
2400 38400 521 520 0.03% 261 | 260
1200 19200 1042 1041 0.03% 522 | 520
600 9600 2083 2082 0.02% 1042 | 1041
300 4800 4167 4166 0.01% 2084 | 2083
150 2400 8333 8332 0.00% 4167 | 4166
110 1760 11364 11363 0.00% 5683 | 5681
Table 7. Prescaler Output Clock Derived From 39.322 MHz
Baud | Prescaler- | Divide | Prescaler- Prescaler Output Select Deviati Duty
Rate Clock (Hz) Factor Counter 1 2 3 4 5 6 eviation Cycle
19200 307200 64 33 2 —
9600 153600 128 64 2 —
4800 76800 256 128 2 —
2400 38400 512 128 2 2 —
1200 19200 1024 128 2 2 2 — 50%
600 9600 2048 128 2 2 2 2 —
300 4800 4096 128 2 2 2 2 2 —
150 2400 8192 128 2 2 2 2 2 2 —
110 1760 11171 175 2 2 2 2 2 21 2x10t4%
Table 8. Timer Output Clock Derived From 39.322 MHz
Baud Prescaler Divide Reload Deviati Duty Cycle
Rate Clock (Hz) Factor Register eviation High Level Low Level
19200 307200 64 863 — 33 | 31
9600 153600 128 127 — 65 | 63
4800 76800 256 255 — 129 | 127
2400 38400 512 511 — 257 [ 255
1200 19200 1024 1023 —_ 513 | 511
600 9600 2048 2048 — 1025 | 1023
300 4800 4096 4096 — 2049 | 2047
150 2400 8192 8192 — 4097 | 4095
110 1760 11171 11171 0.00002% 5586 | 5585
22
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(CLKx)

Mode
Set  Reload
Reg Write
Strobe
Count Value Count Value Count Vaiue

Reg Read
Strobe
Reload
Reglster

}Hld {nld Reload

M e eeRvLLEeee
pu— l R

Set Aeset  Set Reset Set Reset

OUTX

Figure 7. Periodic Interrupt Timing (Mode 0)
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Ext Clock
(CLKXx)

Mode
Set Reload Reload

Reg Write

Strobe
Count Value

Reg Read

Strobe

Bl X7 )€
o V0000|000 |

GOMHALT HALT GO HALT GO HALT

p
<
pon
«

Set Reset Set Reset

OUTx

Figure 8. Time—out Interrupt Timing (Mode 1)
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Ext. Clock

Mode
Set Reload

Reg Write
Strobe
Reg Read
Strobe
Load

Reload
Reglster 8

Load Reload Reload
\ \

conr | X000 300006 M@MGM /3

- Reset Set Reset Set

|
S g i R e s

*1. When QUT control bit of TCR is set.

Figure 9. Square Wave Generator Timing (Mode 2)
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Ext. Clock
(CLKx)

Mode
Set Reload Reload

Reg Wrlte
Strobe
Reg Read i
Strobe
Load

Reload
Reglster 8 8
‘ oa * Reload

e T YA0BRR0000G000R0,

GO/HALT HALT GO HALT
———e

i Reset Set

OUTx

*1, When QUT control bit is set.

Figure 10. Software Trigger Watchdog Timing (Mode 3)
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Ext. Clock
{CLKx)
Mode
Set  Reload
Reg Write
Strobe
Reg Read
Strobe
Load
Reload
Register 6
Load Reload Load
In g (‘ (
GO/HALT HALT GO HALTK GO
y v .
Reset Set Reset
OUTX l‘
*{. When QUT controt bit is set.
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Figure 11. Hardware Trigger Watchdog Timing (Mode 4)
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The MB86940 features two independent serial commu-
nication units designated SDTRO and SDTRI1. The
SDTRs support synchronous and asynchronous data
transfer modes, and are program—compatible with
existing industry—standard serial communication de-
vices.

Each SDTR supports the following synchronous mode
features:

¢ 5 to 8 bit data character lengths
¢ Parity option

¢  One (MONOSYNC) or two (BYSYNC)
synchronizing characters

(o8
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Each SDTR supports the following asynchronous mode
features:

* 5 to 8 bit data character lengths

¢ Parity and stop bit options

¢ Parity, overrun, and framing error detection
e Divide by 16 or 64 clock options.

e 1, 1.5, or 2 bit length option for stop bit

¢ Break detection.

The SDTR transmitters andreceivers aredouble buffered
and operate independently to allow full-duplex opera-
tion. The transmit/receive clock can be externally
generated, orinternally generated by an MB86940 timer.
Each SDTR features handshaking signals for modem
control.

Figure 12 shows a block diagram of an SDTR.

SCLK
SELECT*
RD/~WR
RS0 ———
~RESET ——————+
Control 7| status
D7-0 Data Buffer Data Bufter
Register | #- - -| - 1 Register
! 4 2:1
' ' Dat
' ) ata B » D70
| . Selector
Receiver [ ™! Transmitter O—l_.
Data Buffer| ' ! |Data Buffer
Register | ,' :. ] Register )
+
L b S
' 5:1 ,
j— Status ' SeDI:ct:?or ° X Mode
-DSR Register " L Register [ XSCNT*
e -
) 1
1 1
RCVDT ! Syne- . Command [ -RTs
+ Ll
RCLK o— Character & , Register
SYBRK f Register * ———————» -DTR
SYBRK < '
RXRDY X
' ————» TRNDT
.................. e > TXEMP
+ *intemal Signals: [ : po—————————» TXRDY
' SELECT  :SDTR Module Selsct ! r » -TCLK
' XDCNT : DBUS Direction Contral ! » _CTS
! XSCNT : SYBRK Direction Gontrol !

Figure 12. SDTR Block Diagram
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SDTR REGISTERS

Each STDR has eight 8—-bitregisters that can be accessed
by the processor. Four registers, the Transmit Data
register, theReceive Dataregister, the Statusregister, and
the Control Data Buffer register, are directly accessed by
the processor. The remaining four registers, the Mode
register, the Command register, and the two Synchroniz-
ing Character registers, are hidden registers that are
indirectly accessed by the processor through the Control
Data Buffer register.

SDTR registers require 14, 20, or 40 system clock cycles
to update once written, as shown in Figure 51.

Hidden Register Access.

The Mode, Command, and Synchronous Character
registers are accessed sequentially by writing to the
Control Data Buffer register (see flowcharts, Figures 13
and 23).

Afterahardware or softwarereset, the first byte written to
the Control Data Buffer register is loaded into the Mode
register. The data written into the Mode register
determines whether SDTR operates in synchronous or
asynchronous mode, and selects the number of SYNCH
characters if the mode is synchronous. (See Command
Register for a software reset description)

Asynchronous Mode Register Access

Inthe asynchronous mode, all bytes written to the Control
Data Bufferregister after the Moderegister is written are
loaded into the Command register. The Synchronizing
Character registers are not accessed in the asynchronous
mode.

Synchronous Mode Register Access

In the synchronous mode, the second byte written to the
Control Data Buffer register after reset is loaded into the
first Synchronous Character register.

If one SYNCH character was specified in the Mode
register, the third byte written to the Control Data Buffer
register is loaded into the Command register, and further
writes to the Control Data Buffer register are loaded into
the Command register until a reset occurs.

If two SYNCH characters were specified in the Mode
register, the third and fourth bytes written to the Control
Data Buffer register are loaded into the two Synchroniz-
ing Character registers, and further writes to the Control
Data Buffer register are loaded into the Command
register until a reset occurs.

SDTR Register Map

Table 9 shows the STDR register map. Note that the
Transmit Data register and the Receive Data register in
each SDTR share the same RS<4:0> address, and that the

B 3749756 0010829 555 WH
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Control Data Buffer register and the Status register share
the same address. Selectionof oneregister ateach address
is determined by the R/~W (Read/~Write) signal from the
processor. The Transmit Data register and the Control
Data Buffer registers are write—only registers that are
selected when R/-W islow; the Receive Dataregister and
the Statusregisterareread—onlyregisters that are selected
when R/-W is high.

Control Data Buffer Register

This is a write—only register through which the processor
writes to the Mode register, the Command register, and
the Synchronous Character register.

Control Data Buffer Register

Mode Register
The Moderegister has two formats according to the mode
selected in the Mode field.

In the asynchronous mode, the register controls stop bit
length, parity, data character length, and data transfer
clock frequency as follow:

7 6 5 4 3 2 1 0
sTB | EOP I PEN l DTB Mode

(Mode register, asynchronous mode)

STB - Stop Bit Length
Selects the length of the stop bits as follows:

Bit7 Bit6 Number of Stop Bits
0 0 None
0 1 1
1 0 1.5
1 1 5
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EOQP — Even Qdd Parity Mode — Mode/Clock Select
Selects parity as follows: Selects the operating mode and the asynchronous mode
Baud rate as follows:
0: Odd parity.
1: Even parity.
PEN — Parity Enable Bit3 Bit 2 Mode/Clock Selection
Enabl ity wh tto 1.
flables pattly whetl s¢t 1o 0 0 Synchronous Mode
DIB - Data Bit Length 0 1 ~TCLK/RCLK Freq.
Selects the number of character bits as follows:
1 0 1/16-TCLK/RCLK Freq.
Bit 3 Bit 2 Number of Bits 9 1 1/64-TCLK/RCLK Freq.
o] 0 5
0 1

6 —TCLK and -RCLK may have different frequencies,
1 0 7 resulting in different transmitter and receiver Baud rates.
The division factor selected in the Mode register applies

8 to both the transmitter clock and the receiver clock.

Table 9. SDTR Register Map

RS4-0 15 8 7 65 4 3 2 1
Write Reserved Transmit Data Register
08
Read 0x0Q0 Reserved Receive Data Register
Write Reserved Control Data Buffer Register
09
Read 0Ox00 Reserved Status Register
SDTRO -
Write Reserved
0A
Read
Wiite Reserved
0B
Read
o Wirite Reserved Transmit Data Register
0
Read 0x00 Receive Data Register
Write Reserved Control Data Buffer Register
oD
Read 0x00 Status Buffer
SDTR 1
Write Reserved
OE
Read
Write Reserved
OF
Read
30
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Each clock option selects the asynchronous mode.

In the synchronous mode, the Mode register controls the
number of synchronizing characters, internal or external
synchronous mode operation, parity, and character
length as follows:

7 6 5 4
| SYNG IESM | EOP | PEN |

3 21 0
| DTB |

Mode |

(Mode register, asynchronous mode)

SYNC - Synchronizing Characters
Selects the number of synchronizing characters as
follows:

0: Two synchronizing characters.
1: One synchronizing character.

TESM — Internal/External Synchronization Mode
Selects the synchronization mode as follows:

0: Internal synchronization mode.
1: External synchronization mode.

EOP - Even Odd Parity
Selects parity as follows:

0: Odd parity.

1: Even parity.
PEN — Parity Enable
Enables parity when set to 1.

DTB — Data Bit Length
Selects the number of character bits as follows:

Bit3 Bit 2 Number of Bits
0 0 5
0 1 6
1 0 7
1 1 8

Mode — Mode/Clock Select
This field must be 0 to select synchronous mode.

Reset forces the Mode register to 0x42. This represents
asynchronous mode with 1/16 transmit/receive clock,
5-bit characters, disabled odd parity, and one stop bit.

N 374975k 0010831 103 W
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Command Register

The Command register enables the transmitter and
receiver, resets the SDTR and the EFR flag in the status
register, controls modem handshaking signals, and
enables hunt mode as follows:

7 6 5 4
| SYNC l IESM | EOP I PEN |
3 2 1 0

I Break I RXEN I DTR I TXEN I

(Mode register, asynchronous mode)

EHM - Enable Hunt Mode
Enables hunt mode in the asynchronous mode as follows:

0: No effect.
1: Enable hunt mode.

The hunt mode enables the receiver to synchronize with
thecharacterstreambycomparingthereceived characters
with the synchronizing characters in the Synchronizing
Character registers. (Seethe SYBRK signal description).

IRST — Internal Reset
Resets the SDTR as follows:

0: No effect.
1: SDTR reset.

During operation, the processor must reset the SDTR by
setting IRST to 1 to access the Mode register.

RTS — Request to Send
The processor asserts the RTS modem handshaking
output signal as follows:

0: High level.
1: Low level

RTSis typically set to 1 to request the modem to establish
a carrier.

EFR — Error Flag Reset
Resets all error flags in the Status register as follows:

0: No effect.
1: Resets error flags.
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Break — Break Signal
Asserts break on the TRNDT output signal as follows:

0: No effect.
1: The TRNDT signal is forced low.

RxEN — Receiver Enable
Enables the receiver as follows:

0: Receiver disabled.
1: Receiver enabled.

DTR - Data Terminal Ready

The processor asserts the DTR modem handshaking
output signal as follows:

0: High level.
1: Low level

The DTR signal can be used to prepare the modem for
transmission.

TxEN — Transmitter Enable
Enables the transmitter as follows:

0: Transmitter disabled.
1: Transmitter enabled.

Reset does not affect the Command register.

Synchronizing Character Registers

The Synchronizing Character registers hold the synchro-
nizing characters thatare used in the asynchronous mode.
One synchronizing character is written to the first
Synchronizing Character register in both the MONO-
SYNC and the BISYNC modes; a second synchronizing
character is written to the second Synchronizing
Character register in the BISYNC mode.

7 0

| Synchronizing Character Register I

7 0
I Synchronizing Character Register —l

Status Register

The Statusregisteris aread-onlyregister thatcontains the
Data SetReady flag, transmitter status and error flags, and
receiver status and error flags as follows:

7 6 5 4

[ DSR I SYBRK | FERR | OERR ]
3 2 1 0

| PERR I TXEMP | RRDY I TXRDY |

(Mode register, asynchronous mode)
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DSR - Data Set Ready

Indicates the state of the DSR modem input signal as
follows:

0: High level.
1: Low level.

The DSR signal is asserted by the modem to indicate that
it is ready for data transfer.

SYBRK - System Break

Indicates Synchronizing Character detection in the
synchronous mode and break code detection in the
asynchronous mode as follows:

0: No detection.
1: Detection.

FERR - Framing Error
Indicates detection of a framing error as follows:

0: No framing error.
1: Framing error.

This flag is set to 1 in the asynchronous mode if the
number of stop bits following a character is not correct.

OERR -Overrun Error
Indicates detection of an overrun error as follows:

0: No overrun error.
1: Overrun error,

This flag is set to 1 to indicate that data was transmitted to
the receiver while the receiver buffer was full.

PERR - Parity Error
Indicates the detection of a parity error as follows:

0: No parity error.
1: Parity error.
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TxEMP — Transmitter Empty

Indicates whether the transmitter data buffer is empty as
follows:

0: Transmitter buffer not empty.
1: Transmitter buffer empty.

RxRDY - Receiver Ready

Indicates whether the receiver is ready for more data as
follows:

0: Receiver not ready.
1: Receiver ready.

TxRDY - Transmitter Ready

Indicates that the transmitter is ready for more data as
follows:

0: Transmitter not ready.
1: Transmitter ready.

Reset sets the FERR, OERR, and PERR flags to 1. All
other flags are undefined.

Transmit Data Register
The processor writes data to this write—only register for
transfer to the transmit data buffer.

Control Data Buffer Register

Reset forces the Transmit Data register to FF.

Receive Data Register
The processor reads data from the receiver data buffer
through this read-only register.

7 0
I Control Data Butfer Register I

Reset leaves the Receive Data register undefined.

ASYNCHRONOUS MODE OPERATION

Inthe Asynchronous mode, each transmitted characteris
preceded by a low-level start bit. The start bit is
immediately followed by 5 to 8 character bits, an optional
parity bit, and one or two high-level stop bits, The
number of character bits, the number of stop bits, and type
of parity is selected in the Mode register,

The receiver uses the high—to—low transition of the start
bit to synchronize with the data stream. The interval
between each character is a high level due to either the
stop bitofthe preceding character, or “marking”if the line

B 374975k 0010833 Téb W
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isidle. When the receiver detects astart bit, it samples the
received bit stream at bit—wide intervals based on the
Baud rate to identify the character bits, the parity bit, and
the stop bit(s). The parity bit that follows the character
must be correct or a parity error occurs, and the stop bit(s)
must be correct or a framing error occurs.

Operation Description

Figure 13 shows a flowchart for asynchronous mode
operation. The flowchart begins with power—on reset,
which must be held for a least six system clock cycles to
ensure proper reset. Reset forces the SDTR I/O signals to
the following states:

Signal Initial Level
-DTR High
-RTS High
TxRDY Low
RxRDY Low
TRNDT High
TxEMP High
SYBRK Low

The Mode and Command registers are then written to
program the SDTR. The SDTR can then be software-re-
set through the Command register to access the Mode
register, or can be used to receive and transmit data. The
Command register can be accessed at any time during
transmit/receive operations.

Note that the transmitter must be enabled in the
Command register and the —CTS input signal must be
low to transmitdata, and that the receiver must be enabled
in the Command register to receive data.

Writes to the Mode and Commandregisters may nothave
effect for as many as 10 -TCLK/-RCLXK cycles.

Asynchronous Mode Timing

Figures 14-22 show timing for various SDTR
asynchronous transmitter and receiver operations. The
operations are typical and should be understood before
using the SDTR.
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RESET |

Execute Program Reset

Set Mode Register l (AS0=1)

[

Set Command Register | (RS0=1)

Yes

Reset Command?

\

Transmission Reception —I

S

Read Status Register

Write Transmission Data

Aead Receive Data

(RSO=1}

Set Command Register

(RS0=0)

(RS0=1)

No

S

S

=

Yes

Figure 13. Asynchronous Mode Operation Flowchart
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-RESET T negate
Reset

1 1 1 ] 1 1

SDTR Select : ! ' ! ' '
) 1 1 1 1 ]

1 1 L) ) 1 1]

i 1 1] l I )

. . R . | ;

) Ll t ' 1 ¥

(RS0) ) ! : ) | :

1 1 1 ] T T

] 1 t ' I 1

1 1 t ' ] 1

/ o
Mode Command Transmission
Regsgorlé: Data Write Data Wirite Data Write
cmomms XXX XXX
TXRDY @ '
~CTS
Notes: 1. (P indicate the Mode register write interv (2) indicates the Command register write interval;
(@ ndicates the data transmission interval.
2. (D 'TxTRDY is asserted high at because the —CTS input is low and the transmitter was enabled in
the Command register.
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Figure 14. Asynchronous Mode Transmitter Initialization
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Mark  ‘a& 1Ch ———
Stant Bit Data Bits Parity Bit

Fpalraly

1
1
1
1

TRNDT L 0|Di|D2|DSID4|D5 P|“H"|"H"|LIDD|D!

T[]

Shifted out at falling edge

'y
TXEMP
TxRDY Transmission Data
Transfer End
T Reset
Transmit Transmit
Data Witte U Data Write

1. Stan and stop bits are added by the SDTR character-by~character in the asynchronous mode.
2. The frame formatis 6 bit character length, parity, and 2 stop bits.

Note:  The TRNDT pin remains high after reset until the transmit data is written to the SDTR.
When the CPU writes transmit data to the SDTR, the SDTR appends stan, parity, and
stop bits to the data to form a frame. The SDTR transmits the frame to an exteral unit
bit-by-bit at the falling edge of the —-TCLK transmitter clock.

The TxRDY input signal must be high before the CPU writes the transmit data. The
TxRDY signal transitions tot he low leve! when the CPU writes the data, then
transitions back to the high level when the SDTR transfers the data to the transmit shift
register. The CPU can then write more data to the transmitter.

The TxEMP signal transitions to the low level when the CPU writes the transmit data to
the SDTR, then transitions to the high leve! when the SDTR has transmitted all data in
its transmit data buffer.

Figure 15. Asynchronous Mode Data Transmission Timing
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TRNDT*

Transmlsslon
Data Empty

Transmisslon
Ready

Data Write
Strobe

RSO

Note:

Stop Bit
Start Bit
* Break Code Output Mark State

A At B
lD4|H|L|D0|D1IDZlLlLlL'L L L L L L L H H
A

Transmission Data

Transfer End
Transmission
Data Write

Break
Command Write

Break
Command Reset

* The frame formatis S—bit character length, no parity, and one stop bit.

Abreak is forced in interval [1 by setting the Bread bit to 1 in the Command register.
The transmitter continues normal operation, but the transmitter output signal (TRNDT)
is forced low. Note that the TXEMP output signal is asserted in interval [Z] to indicate
that the transmitter buffer is empty even during the break condition.

The transmitter output transitions to the high level until more data is transmitled once
the break is terminated by clearing the Break bit to 0,

Figure 16. Break Timing
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(Data 1)

TRNDT* | D& | b7

! (Data 2) Mark State
P | H|LIDO|D1|D2|DS104IDS|DS|D7|PIH

T

3

A{
TXEMP
i 'y
TxRDY
Data Write T p
Transmit
Stroboe Data Write

RSO

Transmit Disable
Command Write

Transmit Enable
Command Write

*The frame format is 8-bit character length, parity, and 1 stop bit length.

Note:  When the transmitter is disabled by clearing the TxEN bit the Command register, the
SDTR continues transmitting all data in the transmitter buffer, then enter the mark
state. While the transmitter is disabled, data that the CPU writes to the transmitter is
not transmitted until the transmitter is enabled. TXRDY remains low while the
transmitter disabled, even is the transmitter data buffer is empty.

Figure 17. Asynchronous Mode Transmit Disable Timing
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—RESET ! Negate
HReset

' 1 1 1

) 1 ) 1

SDTR , , X X

1 1 ' 1

1 1 Ll ll

g ! 1 1 1

RSO “1 , , . ,

1 t 1 I

1 ] 1 t

Ll + Ll b
Reg Write Strobe Mode Command
Data Write Data Write

S G G G G

® @

Note: (9 ndicate the Mode register write interval
(@ ndicates the Command register write interval

Figure 18. Asynchronous Mode Receiver Initialization
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Matk g  {Charactr — o
tart Bit Data Bits Stop Bit

§ E" v Pam/*m«l:
LlDO|D1|DZIDS|D4IDS|PI"H"] Lloolmlnzl

e SIS

Sampled at rising edge

RAxRDY ' l

T Reset
Recelve Data Receive Data
Read Strobe Read Ready

* The frame formatis §-bit character length, parily, and 1 stop bit.

RCVDT*

Note:  The receiver first detects the start bit (low level), then samples the character, parity,
and stop bits at the rising edge of -RCLK. -RCLK is at the Baud rate frequency in this
example (Mode field = 01 in the Mode register). When the receiver detects the stop bit,
is asserts the RXRDY flag to 1 to indicate that it canhnot recelve more data, then
releases it to 0 when the processor reads the data.

The start bit must be asserted low for at least 1/2 RCLK period in this example to
ensure recognition.

Figure 19. Asynchronous Mode Data Reception Timing
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Mark State ‘¢———— Start Bit —————' Data Bit
t 1
” 1/2 Gycle of »
RCVDT Sampling
Clock \
[ ! 1
[ 1 1
Ll
Dlvided Data
Recelve Clock : Y Sampling
1
1

‘ Count Start

MMJRM

'1— 8 CLKs 8 CLKs —b' for 1/16 Mode
|<- 32 ClKs ->I<- 32 CLKs -bl for 1/64 Mode

Note:  This figure shows start bit detection when the Baud rate is 1/16 or 1/64 the -RCLK
(receiver clock) frequency. The start bit must be low for at least 8 -RCLK cycles if the
Baud rate is 1/16 the —RCLK frequency, and must be low for at least 32 -RCLK cycles
if the Baud rate Is 1/64 the —-RCLK frequency.

Figure 20. Start Bit Detection Timing
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Start Bit Data Bits Parity Bit Stop Bit

*%‘ Sh;pBit 06 D1 D2 D3 D4 P ¢
o[ e oo oo e e ] e [ e[ [ o] [+ ]

Data 1 Data 2

s SN

RCVDT*

Framing Error I
FERR l
[
SYBRK
) B
RXRDY reak Code
Detect
Recelve Data
Read Strobe Datai Read

* The frame format is 5—bit character length, parity, and 1 stop bit.

Note:  In this example, the receiver detects a low level in the stop bit position and reports a
framing error (FERR). The receiver then detects a low level that lasts an entire
character interval and asserts SYBRK to report a break. SYBRK remains asserted
until the RCVDT signal retums to the high level, or the SDTR is reset.

Figure 21. Break Code Detection Timing
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Datai | Data 2 Data 3

RCVDT* D3| D4a| H L|DO|D1]D2| D3] D4| H L|DO|DI|D2] D3| D4| K| DO

1 1 '

= TSI Io el

Status of Recelving a UL Too ot | oz Trerchcr-rcrcesror-ok-
shift Reglster D3 | b4 A

_L_L_l._L_L_L_L_L_L_’__

' Operation Stops i

RxRDY

{Command
Write
Strobe)

Recelve
Data Read
Strobe

* The frame formatis 5-bit character length, no parity, 1stop bit.

Note:  When the receiver s disabled by clearing RXEN (bit 2) in the Command register to 0,
the receiver stops all operation, including error detection. When the receiver is
enabled, the receiver begins operation. If RCVDT is low the receiver is enabled, the
receiver recognizes the low level as a start bit and begins sampling the received data.

Figure 22, Asynchronous Mode Receiver Disable Timing
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SYNCHRONOUS MODE OPERATION

In the synchronous mode, the receiver maintains bit
synchronization with the received data by phase~locking
its clock with the received data or by using an external
clock that is already synchronized with the data. This
allows the receiver to receive an indefinite number of
successive characters without start bits or stop bits.

The receiver must determine, however, when a character
string, sometimes called a frame, begins. It does so with
either SYNCH (synchronization) characters if operating
in the internal synchronization mode (IESM = 0 in the
Mode register), or with an external synchronization

(o8
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If the data transfer is interrupted, the transmitter
re—establishes frame synchronization by re—transmitting
the SYNCH characters.

Operation Description
Figure 23 shows a flowchart for synchronous mode
operation.

The Mode register is written immediately after reset. A
synchronizing character is then written into the
Synchronizing register, and a second synchronizing
character is written into the Synchronizing register if in
the BISYNC mode. The Command register is then

signal atthe SYBRK pin (IESM = 1 in the Moderegister). written.
RESET ]
¢= Execute Program Reset
| Set Mode Register ] (Rso=1)
Set First
Sync—Character Register (RS0=1)

BISYNC Mode? No
Yes
Set Second
Sync—Character Register (RS0=1)
[ Set Command Register I (RS0=1)

Reset Command?

/

Yes fs

I Transmission/Aeception ]

\

< st

\

Read Status Regist Write Transmission Data Set Command
eac Status Hegister Read Receive Data Register
(RS0=1) (RS0=0) (RS0=1)
<o
No

Figure 23. Synchronous Mode Operation Flowchart
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The STDR can then be software-reset through the effect for as many as 20 -TCLK/-RCLK cycles.
Command register to access the Mode register, or can be L
used to receive and transmit data. The Command register 3¥“°h ronous Mode T'm" ng .
can be accessed at any time during transmit/receive Figures 24 - 31 §how fiming .for various SDTR
operations. synchronous transmitter and receiver operations. The
operations are typical and should be understood before
Writes to the Mode and Command registers may not have using the SDTR.
-RESET Negate
| Reset
1 1 1 ' 1 1 | ¥ ' 1
SDTR + 1 1 1 i 1 1 1 1 1
+ 1 I 1 ) 1 1 ' 1 1
¥ B ¥ ¥ ¥
1 ¥ i H 1 1 i I R B

e U
s X X XXX OOOXC

Mode st Syne 2nd Sync Command Transmit
Register Character Character Register Data
TXRDY X @
- ® ®
-CTS

Note:  The Mode, Synchronizing Character, and Command registers are written as shown in
the figure. The TXRDY flag is asserted in interval (@ because the transmitter was
enabled in the Command register in intervi () and —CTS is low. TXRDY is released in
interval @) secause is written to the SDTR for transmission.

Figure 24. Synchronous Mode Transmitter Initialization
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TRNDT*

-TCLK

TxEMP

TxRDY

Transmit
Data Wirite

Note:

Beginning Data Bit+ When the transmit data register is empty,
of data Parity Bit the synchronous character is transmitted
Sync 1 Sync 2 Data [ ----~ Data Sync 1 Sync 2 Sync 1

TR ST SR

Reset Transfer End

U

Transmit Data

<

Transmit
Data Writ

* The frame format is BISYNC mode with parity.

8Syne 1: 1st sync—character
Sync 2. 2nd syne—character

The data to transmitted is written to the SDTR when TxRDY is high. TXRDY transitions
to the low level when data is transmitted.

The SDTR transmits synchronization characters while the transmitter buffer is empty
(TXEMP = 1) to maintain synchronization,

mm 3749756 001084k b3H

Figure 25. Synchronous Data Transmission Timing
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TRNDT*

TXEMP

Data 1 ! Data 2

Data 3

Mark
' State

031 D4l DS| P {DO|D1| D2| D3| D4 DS

Do

D1

b2 | D3

D4

D5 P

RSO

TXRDY |
(Data Write Transmit Transmit
Strobe) Data Write Data Write

| T

(DATA 2) (DATA 3)

Transmit Disable
Command Write

Note:

* The frame formatis 6-bit character length and parity.

If the transmitter is disabled during transmission (TXEN = 0 in command register), The

SDTR transmits all data in its data buffer then enters the mark state. If the transmitter
is disabled during transmission of the first SYNC character is the BYSYNC mode, the
SDTR transmit the second SYNC character, then enters the mark state

The TXEMP signal remains high and the RxRDY signal remains low while the

transmitter is disabled.

M 374975k 0010847 570 HM

Figure 26. Synchronous Mode Transmitter Disable Timing
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-RESET Negate
Reset
1 ' ! 1 1 1 1 1
Module 1 L 1 1 1 1 1 1
Selec‘ ) 1 | 1 1 1 1 1
1 i 1 1 1 1 i Ll
] ' t 1 1 1 1 1
RSO (high) - Ca - -
) 1 1 1 ] 1 + 1
1 1 1 1 t 1 1 1
1 ) 1 1 1 1 il '
mee U U U
wamrmws X XXX XXX XX
Mode Reg. 1st Syne 2nd Sync Command
Data Character Character Reg. Data
Note:  The Mode, Synchronizing Character, and Command registers are written as shown,
The receiver must be enabled and the -DTR and —RTS input signal must be low to
receive data.

Figure 27. Synchronous Mode Receiver Initialization Timing
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Beginning Data Bit+
of data Parity Bit
RCVDT* Sync { Sync 2 Data - - - Data Sync 1 Sync 2 Sync 1

e ST - R

4 T [
SYBRK
Sync Character
Reset Detect
RxRDY ﬂ H

Receive
Data Ready Feset

]
- | ——lhl

Receive Status Read
Data Read

u
UL

Sync 1: 1st sync—character
8yne 2: 2nd sync-character

Status Read

* The frame fomat is BISYNC mode and parity.

Note:  The SDTR compares the received synchronizing characters with the characters in the
Synchronizing Character register. If there is a match, the SDTR asserts the SYBRK
flag in the Status register to 1 and the SYBRK output signal to the high level to indicate
that synchronization is established.

The SDTR then reads the data and parity bit, and asserts RXRDY to indicate to the
processor that data Is available. The SDTR will not assert RXRDY unless frame
synchronization is established.

The SYBRK and RxRDY signal transition to the low state and the SYBRK flag to 0
when the processor reads the data.

Figure 28. Synchronous Mode Data Reception Timing
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' ' Parity Bit
‘“@¢—— Beginning of data ——————* *
I 1

RCVDT DO Dt | ----- Dn P Do

1
1 i
-RCLK | , N
]

i
! L_ Start of Receive Data Sampling
] 1

SYBRK

1 or More

Cydes

Note:  In the external synchronization mode, a high SYBRK external signal identifies the
beginning of a frame. Synchronization is established when SYBRK is asserted to the
high level while —-RCLK is high, and data is sampled on the following low—to—high
transitions of -RCLK.

The SYBRK synchronizing sighal should be asserted for at least one -RCLK cycle.

Figure 29, External Synchronization Mode Timing
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Data 1 . _Data2 . SyncCharacter Detect, Data 3
RCVDT*
~RCLK
SYBRK
RxRDY | l r
Command Hunt Mode
Write Strobe Set
[ Receive T Status Data
Read Strobe |_| Data Read Read
RSO
* The frame formatis 5-bit character length and parity.
Note:  Hunt mode is enabled in the Command register (EHM = 1) to Initiate synchrenizing
character search by the receiver. Data stared in the receiver when hunt mode is
enabled is cleared.

Figure 30. Hunt Mode Timing
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Data 1 X Data 2 Data 3

RCVDT* D31D4| P |DO|D1|D2|D3|D4| P |DO|D1|D2]|D3]|D4]| P | DO

o SHHUUHTTETUU UL

[ 1 '

=r-r~F-~r-r-~r~r-~r-bt-r-r-
Status of Recelving ps|ps| P |Do|o1|D2| D31 Day PiDOI DI D2 D3 D4 P i DO D3I
Shift Reglster | '
Lot op-oLotoL_oLoLlo}p-L._tL-

RxRDY

{Command
Write Strobe)

Recelve Data
Read Strobe

* The frame formatis 5-bit character length and parity.

Note:  The RxRDY status flag and the RxRDY output signal are masked when the receiver is
disabled in the Command register (RXEN = 0). The RxRDY flag and the error flags
operate normally while synchronization is maintained and data is received.

The RxRDY status flag and output signal are unmasked when the receiver is enabled.

Figure 31. Synchronous Mode Receiver Disable Timing
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STATUS FLAG OPERATION AND TIMING
The TxRDY flag sets to 1 to indicate that the transmitter
buffer can accept more data from the processor for
transmission. The TXRDY flag sets evenif the transmitter

is disabled.

The TxRDY output signal transitions to the high state to
indicate that the transmitter can acceptmore dataand that
the transmitter is enabled.

The TXEMP flag sets to 1 toindicate that the transmitteris

empty.
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Figure 32 shows TxRDY flag and output signal timing.

Figure 33 shows parity error timing for odd parity. The
data in Figure 33(a) has proper odd parity; the data in
Figure 33(b) has incorrect even parity and generates a
parity error (PERR = 1).

Figure 34 shows receiver overrun. Character #5 is
transmitted to thereceiver while thereceiverbufferis full,
causing the error (OERR = 1).

Figure 35 shows a framing error. The stop bitis low rather
than high, causing the error (FERR = 1)

TRNDT

TRDY

TRDY Flag

Status of Transmlsslon
Shift Reg. and Transmit
Data Buffer Reg.

Transmit Data
Write Strobe

Char 1 Char2 Char 3 Mark Char 4 Char 6
\ ! /
| [1
[
Y
Data 2 Data 3 DI!a 4 Data 5

t

Transmit Disable ¥
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Figure 32. TxRDY Timing
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Mark State  start git Data Bits Stop Bit
* Parity Bit
V. — ¥
rovor aonDnnEnEnnn
(a) Normal End
Mark State  Start Bit Dala Bits _ StopBit
Parity Bit
rdiR P ¥y
rovor T ERL T T
Parlty Error Parity Error Error Reset
Detect Signal Occurs {_Command Execute
(b) Abnormal End
Figure 33. Parity Error Timing
1 1 1 1 1 1 1
RCVDT Data 1 Data 2 Data 3 Data 4 Data 5 Data 8 Data 7
) ' 1 1 ' 1 1
' ' 1 1 1 1 1
RRDY !
1
! ! ! ' Overrun Error .OCGJ s ' !
(Data Lost)
Overrun Error Reset
Error Detect Command Execute
Signal
Recelve Data
Read Strobe
Data 1 Data 2 Data 4 Data 5 Data 6
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Figure 34, Overrun Error Timing
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Mark State  gtart Bit Data Bits Stop Bit
* Parity Bit
P i
RCVDT LIDOID1|02|03]DA’DSIP|L] L[Dq mlnzl
Framing Error
Detect Signal x

Figure 35. Framing Error Timing
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The MB86940 Companion Chip is designed to interface
t0 930 Series processors with minimum interfacelogic, as
shown in Figure 36.

The system clock and processor address strobe and
read/write signals may be tied directly to the MB86940,
or may be buffered. The four low—order processor
address signals are tied to the RS<4:0> bus for register
addressing. The processor —CS signal is tied to the
Companion Chip for direct chip selection without
address decoding.

P
FUJITSU

The MB86940 Wait Select (WSEL) pin is tied low in 30
MHz and 40MHz systems to select 3—cycle access (two
wait states). Wait Select may be tied high in 20MHz
systems to select 2—cycle (one wait state) access.

If the 930 Series is programmed for external wait state
generation, it vses the MB86940 READY signal to
terminate data transfer operations to and from the
Companion Chip. If the 930 Series is programmed for
one or two wait states corresponding to state of WSEL, it
may use its internal Ready signal to terminate the
operations instead of the MB86940 READY signal.

SPARClite

N~

MB86940

Yvyyvy

-0+

My y

Figure 36. System Interface
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Table 10. Absolute Maximum Ratings

P
FUJITSU

Symbol Description Rating Unit
Vpo Supply Voltage -0.5 ~ 6.0 v
\Z Input Voltage -0.5 ~ Vpp + 0.51 v
Vo Output voltage —0.3 ~ Vpp +0.51 \
Top Operating Temperature —40 ~ +85 °C
Ts1g Storage Temperature —40 ~ +125 °C
Io Output Current? Vpp = Max Outputs other than Vo =Vpp +40
—Ready1,2 and D<15:0>,
Vo= —40
D<0:15> Vo =Vpp +80
mA
Vo =0 —40
—Ready1, -Ready2 Vo =Vpp +120
Vo =0 —60
1. Vgg=0V
2. 1s per pin
Table 11. Recommended Operating Conditions
Symbol Description Rating Unit
Vop Supply Voltage 475 ~ +5.25 \Y
Ta Ambient Temperature 0~+70 °C

B 3749756 D0LOA57 41T WM
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DC Characteristics (Vpp = 5V +5%)

Table 12. Input characteristics: IRQ<15:1> and Reset

Symbol Description Condition Min Max Unit
ViH High level input voltage 2.4 Vop Vv
Vi Low level input voltage Vss 0.6 \
Table 13. Input characteristics: Inputs other than IRQ<15:1> and Reset
Symbol Description Condition Min Max Unit
VIH High level input voltage 2.2 Voo \
Vi Low level input voltage Vss 0.8 \
Table 14. Output characteristics: —-Ready1 and —Ready2
Symbol Description Condition Min Max Unit
VoL Low level input voltage loL = 12mA Vss 0.4 \
Table 15. Output characteristics: D<0:15>
Symbol Description Condition Min Max Unit
Vou High level input voltage lon = —8mA 4.0 Voo \
VoL Low level input voltage loL =8mA Vss 0.4 Vv
Table 16. Output characteristics: Outputs other than —Ready 1, —Ready 2, and D<0:15>)
Symbol Description Condition Min Max Unit
Vou High level input voltage loy =-3.2mA 4.0 Vop v
VoL Low level input voltage loL =3.2mA Vgs 0.4 \
Table 17. Supply current
Symbol Description Condition Min Max Unit
lce Supply Current - | 170 mA
Table 18. Pin capacitance
Symbol Description Condition Min Max Unit
CiN Reset signal Tp=25°C - 16 pF
Vpp=V,=0V
Cout Hardware reset f=1MHz - 16 pF

BE 374975L DD10858 356 MM
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AC Characteristics (Tp=0° to +70°C, Voc=+5V £5%)

5ns Max 5ns Max

90%

Input Waveform 10%

Output Delay
Measure Point

Three-state OQutput Enable/
Disable Measure Point

Tr, TF<5ns
ViH =24V, V) =04V

Figure 37. AC Measurement Points

Vop

\ %

j A1=2ka

i 1

MB86940 OU!P\l:t il __L_ ?/ W # LS| Tester
e T ?/j R2=2KQ

Vss swz
A

oot

Figure 38, Test Load

Table 19. Test Load Configuration

Capacitance SW1 SW2

Nomal output 60pF L—H, H-L Off Off

Three—state output (—-Ready1, —Ready?2) 65pF L-Z, Z-L On Off

Bi—directional pins 85pF Z—H, H>Z Off On
59
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trsTW

-RESET

Figure 39. Reset Timing Diagram

Table 20. Reset Timing Parameters
Symbol Description Conditions Min Max Unit

tRsTW Reset pulse duration 20 - terk

Clock

Figure 40. clock Timing Diagram

Table 21. Clock Timing Parameters

Symbol Description Conditions Min Max Unit
toLk Clock Cycle 25 - ns
toLkH Clock High Duration 9 - ns
toLkL Clock Low Duration 9 - ns
toLkR Clock Rise Time - 4 ns
toLkF Clock Fall Time - 4 ns
60
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-Cs

RD/-WR

RS<4:0>

—Ready1,2

Read D<0:15>

Write D<0:15>

O

N

[ 1pgg — tasH
| N
- togg — tosH
e—  toys — >tk
— tpgg — P trsH
[ trOYF [€  trDYH
- .- HghZ -4----- | " Ve-e--- High-Z =f- « -« « - -
' topp ™ [&— topH
————— High-Z —--——-<<< b - - - - - Highz - -
tips — ™ tioH

Figure 41. Processor Signal Timing Diagram — WSEL High
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Clock
] A S N\
[ tass —™ tash
-AS R
[ tcgs — > ltosH
-Cs
€ thws —™ ™ tRwh
RD/-WR >< ><
[— tpgg — < trsH
RS<4:0> } ><
¥ trOYF 1 trOYH
—Ready1,2 - - ~|- - - - High-Z = H-=-=-===-=-=~F -~~~ t - High-Z -
% iopp —™ e topy —™
Read D<0:15> =~ - -|~ - - - High-Z + = 4 = « ~ = <<<, /> High-z -
tng —™ tion
Write D<0:15>

Figure 42. Processor Signal Timing Diagram — WSEL Low
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Table 22. Processor Signal Timing Parameters

WSEL='H’ WSEL='L’

Symbol Description Min Max Min Max Unit
tass —AS setup 11 - 7 - ns
tasH —AS hold 0 - 0 - ns
tcss —CS setup 8 - 5 - ns
tcsH —CS hold 0 - 0 - ns
taws RD/-WR setup 13 - 9 - ns
tawH RD/-WR hold 0 - 0 - ns
trss RS<4:0> setup 8 - 5 - ns
trsH RS<4:0> hold 0 - 0 - ns
tRDYF —READ output delay 0 18 0 18 ns
tRoYH —READY hold 5 20 5 20 ns
toop D<0:15> output delay (Read) 0 21 0 23 ns
topH D<0:15> output hold (Read) 5 25 5 25 ns
tios D<0:15> input setup (Wiite) 11 - 7 - ns
tioH D<0:15> input hold (Write) o] - 0 - ns

tiw tiw
IROX
Figure 43, Interrupt Request Timing Diagram
Table 23. Interrupt Request Timing Parameters
Symbol Description Min Max Unit

Y, IRQ input High level duration(!) BloLK+10 - ns

tiLw IRQ input Low level duration(? BtcLks10 - ns
Notes: 1. Interrupt requests are recognized for high level and rising edge trigger modes if asserted for at least the minimum specified time.

Interrupt requests that are asserted for less than the minimum specified time may not be recognized.

2. Interrupt requests are recognized for low level and falling edge trigger modes if asserted for at least the minimum specified time.
Interrupt requests that are asserted for less than the minimum specified time may not be recognized.
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AN S N N SR
_/

IRL. Clear Operafion

RD/~-WR IRL Mask Operation

RS<4:0>

~Ready1,2 \

1= tirovDs tiRLCD
IRL<3:0>

XUEH

k><\\
M

Figure 44. IRL Clear/Mask Timing Diagram

Table 24. I1RL Clear/Mask Timing Parameters

Symbol Item Conditions Min Max Unit
tinLco IRL clear delay — 80 ns
YRLMD IRL mask delay — 80 ns

64
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€ tacr

ACLKO,1 /

tack

Figure 45, Prescaler Input Clock Timing Diagram

Table 25. Prescaler Input Clock Timing Parameters?

Symbol item Min. Max. Unit
tack Prescaler input clock cycle 50 - ns
tacHW Prescaler input clock H duration 22 - ns
tacLw Prescaler input clock L duration 22 - ns
tacR Prescaler input clock rise time - 5 ns
tack Prescaler input clock fall time - 5 ns

1. Applicable when the prescaler is in the external clock mode.

tpscLw teschw

PRSCKO,1

Figure 46, Prescaler Output Clock Timing Diagram

Table 26. Prescaler Output Clock Timing Parameters

Symbol Item Conditions Typ. Unit
trsciw Prescaler output clock low duration Notes 1, 3,4 1 ns
tpscHW Prescaler output clock high duration Notes 1, 3, 4 N—-1 ns
trsoLw Prescaler output clock low duration Notes 2, 3, 4 N 2M-1 ns
tpscHwW Prescaler output clock high duration Notes 2, 3, 4 N M- ns

Notes: 1. Applicable when select field of prescaler register = 0,
2. Applicable when Select field of prescaler register is non0zero. M = value of select field, N = Value of prescale value field.
3. If prescale value field is set to 1, PRSCKXx output will be fixed to 0.
4. tpok Is prescaler input clock period. Internal Clock Mode: tpgk = 2t k, External Clock Mode: teok = tack
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ek trekL
tas tan

CLKx —/_—_—\

INx When IN signal is low

1Nx When IN signal is high

Figure 47. Timer External Clock Timing Diagram

Table 27. Timer External Clock Timing Parameters

Symbol Item Min Max Unit
trekH Timer external clock high duration 3 - toLk
trekL Timer external clock Low duration 3 - teLk
tas Gate signal (IN pin) setup time 10 - torLk
taH Gate Signal (IN pin) hold time 0 - ns
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G A SN (A

RD/-WR TCR Write or Count Read

RS<4:0>

~Ready1,2 \

- toutp

—
OUTx ><

XX}EH
N

aEe

.
X
)

/

Figure 48. Timer Output Timing Diagram

Table 28. Timer Output Timing Parameters

Symbol Item Conditions Min Max Unit

touTo Output signal delay See notes below, - 3tcLk+3o ns

Notes: Applicable in Following Cases:
1. Mode Set (write to TCR)
2. Mode 0: Reload Write on Count Read after Mode 0 setup.
3. Mode 1: Reload Register Write on Count Read after Mode 1 setup.
4. Mode 3: Reload Register Write after Mode 3 setup.
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Clock _/ _\—

~AS

N\

K
:

-CS,
RS<4:0>

Register
Read

X
\

— tosas —™|
-DSR

[ trrovt

RD/-WR

~ X<

RxRDY

Figure 49. STDR DSR and RxRDY

Table 29. STDR —-DSR and RxRDY Timing Parameters

Symbol Item Conditions Min Max Unit
tosmRs —DSR fo register read setup time 28 - ns
tRRDYL Register Read to RxRDY off delay 0 100 ns
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- T G N e

~CS,
RS<4:0>

RD/-WR

D<0:15>

-~

L\></><

—Readyt,2 \
l«— tDTRO
[%— trrsoo
-DTR -RTS
[®—— ttRDYOD >
TxRDY
A

Figure 50. STDR -DTR, -RTS. and TxRDY Timing Diagram

Table 30. STDR -DTR, -RTS, and TxRDY Timing Parameters

Symbol Item Conditions Min Max Unit

toTROD Register write to -DTR delay 0 40 toik

tRTsoD Register write to —RTS delay o] 40 tok

rrpYoD Register write to ~-TRDY delay 0 100 ns
69
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RD/-WR -

-READY _———

REGU >

Figure 51. SDTR Register Update Timing Diagram

Table 31. STDR Register Update Timing Parameters

Symbol Item Conditions Min Max Unit
tREGU Register update time Mode setting 14 - tolk
Async operation 20 - tok
Sync operation 40 - toLk
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64 1 2 2 e 3 32 33 34 35 62 63 64 1 2
~TCLK
xt/64Mode) | w I w |l wl v """ Tl el wlwlwlw!l ¥ """
' '
64 1 2 3 4 S 6 7 8 9 10 " 12 13 14 15 B 2
=TCLK
(x1/16 Mode)

[
legt t Dol —_—
; TCKLW > trekHw s
~TCLK
{(x1 Mode)
1 1
h trekor trekoT  ;
TRNDT

Figure 52. SDTR Transmit Clock and Data Timing Diagram

Table 32. STDR Transmit Clock and Data Timing Parameters

1/16 CLK, 1/64 CLK 1x CLK Synchronous
Asynchronous Mode Mode
Symbol Item Min Max Min Max Unit
trekHw Transmit clock high duration 4 - 32 - tork
trekiw Transmit clock Low duration 4 - 14 - toik
trekoT g)l.;tputdata fo transmit clock falling edge 0 100 0 100 ns
elay
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64 1 2 3 0 N 2 3B M4 35 62 63 64 1 2
RCLK
(xi/64Mode) (| [ L 1 11" """" 1111+ttt e Lty --"""-"-

™
e tpokuw

1 ¥

1 ]
!

: = thokw ;

8 1 2 3 4 5 8 7 8 9 10 1 12 i3 14 15 16 1 2
RCLK 4
{x1/16 Mode)
[
- theKLw Lt tRCKHW -
RCLK
(x1 Mode)
1 ]
[ trek -,

trpg —W———— tppy

RCVDT

Figure 53. STDR Receive Clock and Data Timing Diagram

Table 33. STDR Recelve Clock and Data Timing Parameters

116 CLK, 1/64 CLK 1x CLK Synchronous
Asynchronous Mode Mode
Symbol Description Min Max Min Max Unit
tRCKHW Receive clock high duration 4 - 12 — toLk
thckLw Receive clock low duration 4 — 7 - toLk
taps Receive data setup 6 - - toLk
tapH Receive data hold 8 — 6 - tolk
tack Receive clock cycle 8 - 62 - toLk
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MB86940
RCLK ]
—— lgpxy —®
tBRKs — -
SYBRK

Table 34. Break Timing Parameters

Figure 54. Break Timing Diagram

Symbol Description Conditions Min Max Unit
fBRKS Break setup time 0 - ns
t8RKH Break hold time 10 - ns

M 3749756 0010873 bL? WM
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Table35. STDR Transmit/Receive Control Signal Timing Parameters

Symbol Description Conditions Min Max Unit
trckRDY TxRDY delay from the rising edge of - 36 toik
—TLCK (last bit)
trekemp TXEMP delay from the rising edge of - 24 teLk
—-TLCK (last bit)
tROKRDY RxRDY delay from the rising edge of - 35 toLk
RLCK (last bit)
tsycoi SYNC (SYNCBRK pin) delay from the - 62 toLk
rising edge of RLCK (last bit)
tsycoz SYNC flag delay (Mode register) from - 70 toLk
the rising edge of RLCK (last bit)
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135-PIN PLASTIC PIN GRID ARRAY (PGA)
(Case No.: PGA-135P-M01)

020£.005DIA 050 (1.27) TYP
(051 20.13)
( ] P .
e | o«
= | | || s e+ s s s s 0 e s @
= * 0 e o ¢
— 1'30 ® 8 O e o o
== {33.09) o s e o w e
— REF [+.. st
— . s .- s &
= A = & @& n s s s
INDEX AREA =|__L % & ¢ & 4 0 5 0 4 8 0 O W N
L . et
@ s 0o e o e s 00 e e@
\ 4 L |
1.450 +.010 SQ. 100 %010 (2.54 20.25)
(36.83 £0.25) _ .050 +.0104-.015
1.27 +0.25/-0.38)
210 (5.99) MAX (127 +0.:25/-0.38)
1134 +,016/-.014
(3.40 +0.41/-0.36)
| ORDERING INFO. M386940CPR—G—|
144-LEAD PLASTIC FLAT PACKAGE (QFP)
(Case No.: FPT-144P-M03)
| .890 + .008 (22,60 * 0.20) SQ | .152 (3.85) MAX
) 787 £ .004 (20,00 2 0.10) SQ 002 (0.05) MIN
w3 £.004 (2 1 | |42 STAND OFF
o, | e | e -
— L~ _
= = 850 (21.60)
= = NOM
= = 689 (17.50)
— = REF
= INDEX = Details of ‘A" part
= = .006 (0.15)
W= 3/ ;\ O =) 006 (0.15)
=\ I - 008 (0.15)
IO YO T N OO L MAX
LEAD No.(2) i ) 005 +.002 016 (0.20)
0197 (050 008 £ .004 0.125 + 0.05) MAX

0.20£0.10)

10 EIRETEL)

W IlIII‘IIIlIIIIIIII[IHII|

[Eloe]

Dimensions in inchss

Details of
'B” part

020 2,008
(0.50 + 0.20)

=

(milimeters)

| ORDERING INFO. MB86940CPFV-G-BND |

79

BN 374975k 0010879 D&0 WA

(o8
FUJITSU




