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FEATURES
o Four Full-Duplex, Independent Channels ® Two Multi-function 16-bit Counter/Timers
® Asynchronous Receiver and Transmitter e Interrupt Output with Sixteen Maskable Interrupt
e Quadruple-Buffered Receivers and Transmitters Conditions
e Programmable Stop Bits in 1/16 bit increments ® Interrupt Vector Output on Acknowledge
e Pin Selectable “88” and “68 Mode” . Programmable Interrupt Daisy Chain (Z-Mode
Operation only)
o |Internal Bit Rate Generators with more than 33 Bit .
Rates ® 16 General Purpose Output pins
e Independent Bit Rate Selection for each Transmitter ® 16 General Purp pms with Change of
and Receiver States Detector, %
e External Clock Capability ° MUg—drop I\fl atible with 8051 Nine Bit
ode
e Maximum Bit Rate: 1X clock - 1Mb/s, 16X clock - ) \
125 kb/s e On-chip ill for Crystal
e Normal, AUTOECHO, Local LOOPBACK and ° Sta’ldé‘\v' 4 1o Reduce Operating Power
Remote LOOPBACK Modes e Ad OS Low Power Technology
h
& \o
GENERAL DESCRIPTION 9\ 0

The EXAR Quad Universal Asynchronous Receiver an
Transmitter (QUART) is a data communications deV|
that provides four fully independent full-du
asynchronous communication channels in a @e\
package. The QUART is designed for s
microprocessor based systems and may be\@e |1°a
polled or interrupt-driven environment. *0 Q
LAY

NN

684 device offers a single IC solution for
roprocessorfamllles The “88” and “68 modes”
800 and 68000 family of processors, respectively)

e selected by tying the SEL pin to Vpp or Vss.

QUART is fabricated using advanced two layer metal,

QW|th a high performance density EPI/CMOS 1.8+ process

to provide high performance and low power consumption,
and is packaged in a 44 pin PLCC and a 68 pin PLCC.

O o O

{ I\
2.3 D

ORDERING INFORMATION

Q'. @ &6‘ Operating
Part N®. a@ Package Temperature Range
XR82C684CJ/44 ‘b\ 44 pin PLCC 0°C to 70°C
XR82C684CJ 68 pin PLCC 0°Cto 70°C
XR82C684J/44 44 pin PLCC -40°C to 85°C
XR82C684J 68 pin PLCC -40°C to 85°C
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PRINCIPLES OF OPERATION

Figure 1 and Figure 2 present an overall block diagram of the QUART when operating in the 68 and 88 Modes,
respectively. As illustrated in these block diagrams, the QUART consists of the following major functional blocks:

o Data Bus Buffer ® Operation Control

e Interrupt Control o
e Timing Control
® |Input Port
[ ]

Serial Communication Channels A, B, C, and D e Qutput Port

TXDA RXDA TXDB RXDB TXDC RXDC TXDD RXDD IPO - IP7 IP8-1P15 OPO - OP7 OP8 - OP15

A A A A 6
| Fd O 0

TSR | | RSR TSR RSR TSR | |RsSR TSR RSR > IP2 OPR1 || OPR2
Q}
0\ Change of State Output Port
THR | | RHR THR | | RHR THR | | RHR THR ‘&HR \ Detectors Function
Q Select Logic
NN dDh\| PRt | | IPCR2
Mode Registers Mode Registers Mode Registers e Re@\er D
OPCR1 || OPCR2
S ACR1 | | ACR2
Status Register Status Register Status Register
Channel A Channel B Channel C Qg Input Ports 1 and 2 Output Ports 1 and 2

$ 8 NI {4 i
{ § o0 &

Operation Contr&v Q Q Interrupt Control Timing
_ (%)
/] c:b IVR1 IVR2 CSRA CSRB CSRC CSRD
CRA || crB @C Ly
Bus MISR1 MISR2 Bit Rate
Buffer Generator
CEMmETE DEEEE] ? IMR1 IMR2 Counter/Timer #2 Counter/Timer #1
Address Decoder ISR1 ISR2 Oscillator
7\ A\
i\/i ﬁ Y \ ) \ )
DO - D7 A1-A5 RWN CSN DTACKN RESETN IACKN INTRN X1/CLK X2

Figure 1. Block Diagram of the XR82C684 in the 68 Mode
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AV 4 AV4 L L1
TSR RSR TSR RSR TSR RSR TSR | | rRsR IP1 IP2 OPR1 || OPR2
Change of
Output Port
THR | | RHR THR| | RHR THR | | RHR THR | | RHR S PEEERD Functon Select
Logic
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Mode Registers Mode Registers Mode Registers Mode Registers
OPCR1 || OPCR2
] ACB% A&Rz
Status Register Status Register Status Register Status Register X
\J %
Channel A Channel B Channel C Channel D p\t 1and2 Output Ports 1 and 2

& e e @ "‘b&‘” 11
$: g AT

Operation Control Timing
| CSRA CSRB CSRC CSRD
CRA || CRB CRC CRD
Bus Bit Rate
Buffer Generator
Command Decoder Counter/Timer #2 Counter/Timer #1
4
Address Decoder \s Oscillator
7\ /\ I e
g U -
Y 6[ Q\' \' \ \ )
X1/CLK X2

DO - D7 A0-A4 RDN WRN a E@ 4& IEO IACKN INTRN

Figued. @ck agram of the XR82C684 in the 88 Mode
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PIN DESCRIPTION

XR82C684

Pin # Pin # Symbol Type Description
68 Pin PLCC | 44 Pin PLCC

1 V0 Power Supply Pin.

2 1 SEL | Mode Select. “88 mode” can be selected by tying this
pin to GND; connecting this pin to Vg will select the
“68 mode.”

3 OoP2 (0] Output Port 2 (General Purpose Output). This pin

(TXCA_16X) can also be configured to function as the “Channel A
— Transmitter 16x or 1x clock” output, or the “Channel A

(TXCA_1X) Receiver 1X clock” output.

(RXCA_1X)

4 2 OoP3 o} Output 3 (Active,| )&u be programmed as a gen-

eral purpose o ; th hannel B transmitter 1x
(TXCB_1X) clock” output, t&?v nel B receiver 1x clock” output,
(RXCB_1X) or an open ;i@n “ ter/Timer 1 ready” output.
(C/T_1_RDY) b\ )

5 3 TXDB (0] Transm@er al Data Output (Channel B). The
least ifi bit of the character is transmitted first.
Thi t held in the “high” (marking state) when
t an&ner is idle, disabled, or when the channel is
&ra in the local LOOPBACK mode. If an external

d}ran clock is specified, TXCB, the transmitted
\ d seg d out of the TSR (Transmitter Shift Regis-
\'9 or@e falling the edge of this clock.
6 4 RXDB é’ d‘ReA&er Serial Data Input (Channel B). The least
6 Q sipifficant bit of the character is received first. If the
o Q ernal receiver clock, RXCB, is specified, then the
ﬂ \O ANserial input data is sampled on the rising edge of this
<? b clock.
$TO ¢
7 5 X1/CLK \o QI org Crystal Output or External Clock Input. This pin is
\ *@ the connection for one side of the crystal and a capaci-
(¢) > Q tor to ground when the internal oscillator is used. If the
60 \' \' oscillator is not used, an external clock signal must be
o Q’Qv 9 supplied at this input.
* ‘Q ( In order for the XR82C684 device to function properly,
Q 9 & the user must supply a signal with frequencies between
<O ‘b & 2.0 MHz and 8.0 MHz. This requirement can be met by
&Q %\ either a crystal oscillator or by the external TTL-compat-
6 Qb ible clock signal.

8 6 e | Crystal Input. Connection for one side of the crystal
(opposite of X1/CLK). If the oscillator is used, a capaci-
tor must also be connected from this pin to ground.
This pin must be left open if an external clock is sup-
plied at the X1/CLK pin.

9 OP4 (0] Output 4 (General Purpose Output). This output pin

(RXRDY/ can also be configured to function as the active-low
“Receiver-Ready/FIFO Full” indicator for Channel A
-FFULL_A) (RXRDY/-FFULL_A).
10 OP5 (0] Output 5 (General Purpose Output). This output pin
(RXRDY/ can be configured to function as the active-low “Receiv-
er-Ready/FIFO Full” indicator for Channel B
-FFULL_B) (RXRDY/-FFULL_B).
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Pin # Pin # Symbol Type Description
68 Pin PLCC | 44 Pin PLCC
11 OP6 (0] Output 6 (General Purpose Output).
(TXRDY_A) This output pin can be configured to function as the
active-low “Transmitter-Ready” indicator for Channel A
(-TXRDY_A).
12 OoP7 (0] Output 7 (General Purpose Output). This output pin
(TXRDY_B) can be configured to function as the active-low “Trans-
- mitter-Ready” indicator for Channel B (-TXRDY_B).
13 7 DO I/0 LSB of the Eight Bit Bi-Directional Data Bus. All
transfers between the CPU and the QUART take place
over this bus (consisting of pins DO - D7). The bus is
tri-stated when the -CS input is “high”, except during an
IACK cycle (in the Z-Mode).
14 8 D1 1/0 Bi-Directional Dg@Bus
15 9 D2 I/0 Bi- Dwecnonal@ B@
16 10 D3 I/0 Bi- DlrectlonQDa
17 11 D4 o  |si- D.rect@als@a Bus.
18 12 D5 I/O Bi- D|r ata Bus.
19 13 D6 1/0 b]dbbal Data Bus.
20 14 D7 I/0 e Eight Bit Bi-Directional Data Bus. All
d etween the CPU and the QUART take place

ov (consisting of pins DO - D7). The bus is
9\ hen the -CS input is “high”, except during an

6\. 4 Ie (in the Z-Mode).

21 15 R/-W 60 QG erte (Input). If this input is high while -CS is
(68 Mode) [o) Q » then the CPU is performing a READ cycle with the

* (o) Q* ART. If this input is low, while -CS is low, then the

<? 0\ CPU is performing a WRITE cycle with the QUART.

21 15 WRN é Q Ié Write Strobe (Actlve Low). A “low” on this input while
-CS is also “low” writes the contents of the Data Bus
into the addressed register, within the . The

0 {’ O into the addressed register, within the QUART. Th
0 \:b \Q transfer occurs on the rising edge of -WR.
ip Select (Active Low). The data bus is tri-state
22 16 Q)Q' 9 I Chip Select (Active Low). The data bus is tri d
‘Q ( when -CS is high. Data transfers between the CPU and
Q & the QUART via DO - D7 are enabled when -CS is low.
23 (0] Output 15 (General Purpose Output). This output port
(@R ) pin can be configured to function as the open-drain,
Q active-low “Transmitter Ready” indicator for Channel D
(-TXRDY_D).
24 OP14 (0] Output 14 (General Purpose Output). This output port
(-TXRDY_C) pin can be configured to function as the open-drain.
- active-low “Transmitter Ready” indicator for Channel C
(-TXRDY_QC).
25 OP13 I/0 Output 13 (General Purpose Output). This output port
(RXRDY/ pin can be configured to function as the open-drain,
active low “Receiver Ready” or “FIFO Full” indicator for
-FFULL_D) Channel D (RXRDY/-FFULL_D).
26 OP12 (0] Output 12 (General Purpose Output). This output port
(RXRDY/ pin can be configured to function as the open-drain,
active-low “Receiver Ready” or “FIFO Full” indicator for
-FFULL_C) Channel C (RXRDY/-FFULL_C).
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Pin # Pin # Symbol Type Description
68 Pin PLCC | 44 Pin PLCC
27 17 RXDD | Receiver Serial Data Input (Channel D). The least

significant bit of the character is received first. If the
external receiver clock, RXCD, is specified, then the
serial input data is sampled on the rising edge of this
clock.

28 18 TXDD (0] Transmitter Serial Data Output (Channel D). The
least significant bit of the character is transmitted first.
This output is held in the high (marking state) when the
transmitter is idle, disabled, or when the channel is
operating in the local LOOPBACK mode. If an external
transmitter clock is specified, TXCD, the transmitted
data is shifted out of the TSR (Transmitter Shift Regis-
ter) on the falling the edge of this clock.

29 19 DTACKN (0] Data Transfer A e (Three-State, Active-
(68 mode) Low). The QU -DTACK in order to inform
the CPU that t READ or WRITE operation is

nearly comp I&e 8000 Family of CPUs requires
this signakf its@eripheral devices in order to quickly
and prop q@lete a READ or WRITE cycle.

If the Ré serts -DTACK during a READ opera-

tion, 0 di (to the CPU) that the requested data is
on us. If -DTACK is asserted during an Inter-
A k wledge cycle, the QUART is informing the
the contents of the IVR (Interrupt Vector Reg-
dﬁst ilable on the data bus.
9\ ,@@b T asserts the -DTACK during a WRITE
6\. 4 s informing the CPU that the data, on the data
u s been latched into the data bus buffer of the
e‘b b latched i he data bus buffer of th

60 CEA T device.
29 19 IEO *o (bQ e*gfterrupt Enable Output (Z Mode; Active High). This
(88 mode) (? \ output pin is normally “high”. However, either one of the
(o) following two conditions can cause this output pin to be

@ é negated (toggle “low”.)

X \b Q 1. If the IEI (Interrupt Enable Input) pin is “low”. If IEO
00 > Q is “low” because of the IEI pin, IEO will toggle “high”
b Q”\. o\ once the IEI pin has toggled “high”.
*0 Q (\ 2. The QUART has issued an Interrupt Request to the
Q ‘Q * CPU (-INTR pin is toggled “low”). If IEQO is “low”
Q © > because the QUART has requested an Interrupt,
W\ \‘b & then IEO will remain “low”, throughout the Interrupt
& cb b Service Routine, until the CPU has invoked the
“RESET IUS” Command.
30 20 IA@KN | Interrupt Acknowledge (Active Low). This input is the
(68 or Z-Mode) CPU'’s response to the interrupt request issued by the

QUART device. When the CPU asserts this input, it
indicates that the QUART’s interrupt request is about to
be serviced, and that the very next bus cycle will be an
interrupt acknowledge (IACK) cycle. The QUART will
respond to the CPU'’s interrupt acknowledge signal by
placing the contents of the Interrupt Vector Register
(IVR) on the data bus (DO - D7).
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Pin # Pin # Symbol Type Description
68 Pin PLCC | 44 Pin PLCC
31 21 -INTRN (0] Interrupt Request Output (Active Low, Open-Drain).
-INTR is asserted upon the occurrence of one or more
of the chip’s maskable interrupting conditions. This
signal will remain asserted throughout the Interrupt Ser-
vice Routine and will be negated once the condition(s)
causing the Interrupt Request has been eliminated.
32 22 OP11 (0] Output 11 (General Purpose Output). This output port
(TXCD_1X) pin can also be configured to function as the “Channel
- D Transmitter 1X clock” output (TXCD_1X), the “Chan-
(RXCD_1X) nel D Receiver 1X clock” output, or the active-low
(-C/T_2_RDY) “Counter/Timer #2 Ready” Output (-C/T_2_RDY)
33 23 GND
34 GND
35 OP10 (0] Output 10 (G se Output). This output port
pin can be con function as the “Channel C
(TXCC_1X) Transmltter. or 1£ck” output; or as the “Channel
(TXCC_16X) G Recelva cl%thput
(RXCC_1X) Q
36 24 OP9 (-RTSD) (0] Outp eral Purpose Output). This output port
plrySq nflgured to function as the active-low,
dr& Channel D, Request-to-Send” output
37 25 OP8 (-RTSC) (0] d‘\Olf@I @ eneral Purpose Output). This output port
\ i configured to function as the active-low,
(},9 ¥ e in “Channel C Request-to-Send” output
ei('R :
38 26 TXDC 6% Q Ténsmitter Serial Data Output (Channel D). The
*0 OQ Jast significant bit of the character is transmitted first.
? \ Q*This output is held in the high (marking state) when the
* 0 b transmitter is idle, disabled, or when the channel is
(o) Q é operating in the local LOOPBACK mode. If an external
\\ @ transmitter clock is specified, TXCD, the transmitted
(¢) \ Qe data is shifted out of the TSR (Transmitter Shift Regis-
0 \:b X, ter) on the falling the edge of this clock.
39 27 C ee' 9 | Receive Serial Data Input (Channel D). The least sig-
\ ‘Q nificant bit is received first. If external receiver clock is
QvQ (<) & specified, the data is sampled on the rising edge of the
(.3 & clock.
40 &Qb 1% | Input 15 (General Purpose Input).
41 | Q | Input 14 (General Purpose Input). This input pin can
(RX& EX) also be configured to function as the external clock
- input for the Receiver of Channel D (RXCD_EX).
42 IP13 | Input 13 (General Purpose Input). This input pin can
(TXCD_EX) also be configured to function as the external clock
- input for the Transmitter of Channel D (TXCD_EX).
43 IP12 | Input 12 (General Purpose Input). This input pin can
(RXCC_EX) also be configured to function as the external clock
- input for the Receiver of Channel C (RXCC_EX).
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Pin # Pin # Symbol Type Description
68 Pin PLCC | 44 Pin PLCC
44 28 IEI | Interrupt Enable Input (Z-Mode; Active High). If this
(Z-Mode) active-high input is at a logic “high”, the QUART is
capable of generating all non-masked Interrupt
Requests to the CPU. If this input is at a logic “low”, the
QUART is inhibited from generating any Interrupt
Requests to the CPU.
Note: if the user is operating this device in the “68
Mode” or in the “88 I-Mode,” then this pin should
be tied to Vcc.
45 IP11 | Input 11 (General Purpose Input). This input pin can
(TXCC_EX) also be configured to function as the external clock
- input for the Transmitter of Channel C (TXCC_EX).
46 IP10 | Input 10 (General Purpqgge Input). This input pin can
be configured to tio the external clock input for
T2 _EX
(CT2_EX) Counter/'ﬁmer& ‘QI
47 29 IP9 | Input 9 (Gan?a ose Input). This |nput pin can be
(-CTSD) configure tMunafidn as the active- low, “Channel D
Clear-to,S¢énd’, t (-CTSD).
4 npu a urpose Input is input pin can be
8 30 IP8 | Ip | Purp Input). This input p b
(-CTSC) functlon as the active-low, “Channel C
-to nd” input (-CTSC).
49 31 A5 | d ddress Input.This input, along with address
in , 5 are used to select certain registers
9\ @n ART device during read and write opera-
6\, '\ the CPU.
50 32 A4 60 QG é ss Input.
51 33 A3 *0 bo e* dress Input.
52 34 A2 *<? \ 6 Address Input.
53 35 Al \0 I LSB of Address Input.
(
54 36 IPO (}' \b @ Input O (General Purpose Input). This input can be
(-C \:b \Q configured to function as the active-low “Clear-to-Send”
Qe 10 input for Channel A (-CTSA).
N
55 37 1 o ( | Input 1 (General Purpose Input). This input can be
CT@) & configured to function as the active-low “Clear-to-Send”
QQ' \‘b & input for Channel B (-CTSB).
56 & ‘bIP | Input 2 (General Purpose Input). This input can be
?)T X) configured to function as the external clock input for
Counter/Timer # 1.
57 IP3 | Input 3 (General Purpose Input). This input can be
configured to function as the external clock input for the
(TXCA_EX) Channel A Transmitter.
58 38 -RD Read Strobe (“88 Mode”; Active Low). A “low” on this
(88 Mode) input while -CS is also “low” places the contents of the
addressed QUART register, on the Data Bus.
Note: If the user is operating this device in the
“68-Mode” then this input should be tied to V.
59 IP4 | Input 4 (General Purpose Input). This input can be
(RXCA_EX) configured to funption as the external clock input for the
Channel A Receiver.
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Pin # Pin # Symbol Type Description
68 Pin PLCC | 44 Pin PLCC
60 IP5 | Input 5 (General Purpose Input). This input can be
configured to function as the external clock input for the
(TXCB_EX) Channel B Transmitter.
61 IP6 | Input 6 (General Purpose Input). This input can be
(RXCB_EX) configured to funption as the external clock input for the
Channel B Receiver.

62 IP7 | Input 7 (General Purpose Input).

63 39 RXDA | Reveive Serial Data Input (Channel A). The least sig-
nificant bit of the character is received first. If external
receiver clock, RXCA, is specified, the data is sampled
on the rising edge of this clock.

64 40 TXDA (0] Transmitter Serial Data Output (Channel A). The
least significant bjt@f thedbharacter is transmitted first.
This output is hgkNh th@Migh (marking state) when the
transmitteris i di ed, or when the channel is
operating in locWOOPBACK mode. If an external
transmitt ck j[dspecified, TXCA, the transmitted
datais s d f the TSR (Transmitter Shift Regis-
ter) on falligdy the edge of this clock.

65 41 OPO (0] (0] 0 eral Purpose Output). This output port

(-RTSA) pi n be configured to function as the active-low,
n-gdgamn Request-to-Send output for Channel A
T
66 42 OP1 (0] \ O@u neral Purpose Output). This output port
: \9 YO caliso be configured to function as the active-low,
(-RTSB) 1
(¢) op ain Request-to-Send output for Channel B
60 & B)
67 43 RESET o | Q ster Reset (Active High for the “88 Mode”, and
<* \0 ctive Low for the “68 Mode”). Asserting this input
* ? 0 6 clears the following internal registers: SRn, ISRn,
o Q \ IMRn, OPRn, OPCRn, and initializes the IVRn to OFh,
\ @ (o) stops both of the Counter/Timers, puts OPO - OP15 in
(}' \ Q the high state, and places all four serial channels in the
0 > Q inactive state with the TXDA, TXDB, TXDC, and TXDD
b X X output marking (high).
&l &
68 44 P~ CQ‘\ N
A SIS
2\
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DC ELECTRICAL CHARACTERISTICS 1.2
Test Conditions: T =25°C, Vg = 5V + 5% unless otherwise specified.

Symbol Parameter Min. Typ. Max. Unit Conditions
Vi Input Low Voltage 0.5 0.8 Vv
V4 Input High Voltage 2.0 Veeo Vv
Vuxi Input High Voltage (X1/CLK) 4.0 Vee Vv
VoL Output Low Voltage 0.4 \Y IOL = 2.4mA
Von Output High Voltage 2.4 \Y IOH = -400- A
I Input Leakage Current -25 25 A VIN = 0 to Vg
liLseL Select Pin Leakage Current -30 30 A VIN = 0 to Vg
Iyt X1 Input Low Current -20 A PN :@
IxoL X2 Input Low Current -7 m/\"ob (0
Ixin X1 Input High Current 20 o& PN = Vee
o X2 Input High Current 20 O Ag{b VIN = Ve
I Data Bus Tri-State Leakage -10 10 @ VO =0to Ve
Current | .\o >
loc Open Drain Output Leakage -10 & A VO =0to Ve
Current Q
Icca Power Supply Current3 6 1‘@ \(nA Active Mode
lccs Power Supply Current3 ig\ O% mA | Standby Mode

¢\
Notes 60 Q b
1 parameters are valid over the specified temperature an*@er@ SL@y ranges. Typical values are 25°C, V¢ =5V and typical
processing parameters. Q" \

2 All voltages are referenced to ground (GND). For f&sti @pu nal levels are 0.4V and 2.4V with a transition time of 20ns
maximum. All time measurements are referenc inp%vol s of 0.8V and 2.0V as appropriate. See NO TAG.

3 Measured operating with a 3.6864 MHz cryst \n vsgall @jtputs open.
4 The minimum high time must be atleast 1.5 he Q¥C ﬁeriod and the minimum low time must be at least equal to the X1/CLK
period if either channel's Receiver is oper i terp1X clock mode.
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AC ELECTRICAL CHARACTERISTICS 1. 2.3
Test Conditions: T =25°C, Vg = 5V + 5% unless otherwise specified.

Symbol | Parameter | Min. | Typ. | Max. | Unit | Conditions
Reset Timing (See Figure 56)
tRES | RESET Pulse Width | 1.0 | | | .s |
XR82C684 Read and Write Cycle Timing - 88 Mode (Figure 57) 7
tas A0-A4 Setup Time to RD, WR 10 ns
Low
tan ﬁO-A4 Hold Time from RD, WR 0 ns
ow
tcs -CS Setup Time to RD, WR Low ns \‘:9 06
teH -CS Hold Time from -RD, -WR ns® &
High . &},
trw -RD, -WR Pulse Width 205 6nsg<b
top Data Valid from -RD Low 60 175 8)
tor Data Bus Floating from -RD High 10 1%9 ‘b«s
tos Data Setup Time to -WR High 100 QQ ns
toH Data Hold Time from -WR High 5 ,\Q \ns
trRwD High Time between Reads and/ 10%\ (")) ns
or Writes 8 9 A\, ) o
Z-Mode Interrupt Cycle Timing (Figure 58) xov A@ t’
toio IEO Delay Time from IEI (\‘0 0 ns
tias IACK Setup Time to RD Low' Q‘ "@1 Q} ns
tian IACK Hold Time from RD High é 0 0\ ns
teis IEI Setup Time to RD Low \ (7)) ns
teop IEO Delay Time from INTR Lg“ é 100 ns
XR82C684 Read, Write and Interrupt C‘%@Ti&éb X@ ode (Figure 59, Figure 60 and Figure 61)
tas A1-A5 Setup Time to -C%EW‘Q % - ns
tan A1-A5 Hold Time fromg %gﬂ Q‘b ns
trws R/-W Setup Time &Q%Sév <» 0 ns
trRwH R/-W Setup Time from - HQ? 0 ns
tesw -CS High Pulse Width 9. 11 > 90 ns
tcsp LCS or -IACK High from -DTACK 20 ns
ow
too Eata Valid from -CS or -IACK 175 ns
ow
tor Data Bus Floating from -CS or 10 100 ns
-IACK High
tbs Data Setup Time to -CS Low 0 ns
toH Data Hold Time from -CS Low 125 ns
toaL -DTACK Low from Read Data 0 ns
Valid
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AC ELECTRICAL CHARACTERISTICS 1. 2.3 (CONT'D)

Symbol Parameter | Min. | Typ. | Max. | Unit | Conditions
XR82C684 Read, Write and Interrupt Cycle Timing -68 Mode (Figure 59, Figure 60 and Figure 61) (Cont’d)
tbaH -DTACK High from -CS or -IACK 100 ns
High
toaT -DTACK High Impedance from 125 ns
-CS or -IACK High
Port Timing - XR82C684 (Figure 62) 7
tps Port Input Setup Time to -RD/ 0 ns
-CS Low
tpH Port Input Hold Time from -RD/ 0 ns
-CS High
trp Port Output Valid from -WR/-CS 400 ns P 06
R
Interrupt Output Timing - XR82C684 (Figure 63) ,\Q AQ’
tir -INTR or OP3 - OP7 when used 300 bﬁs,@"
as Interrupts High from: 300 nQ
Clear of Interrupts Status Bits in o) Q
ISR or IPCR W |
Clear of Interrupt Mask in IMR 0,(\
Clock Timing (Figure 64) &v \Q N\
toik X1/CLK (External) High or Low 100 N ns
Time \,9\ LK
tok X1/CLK Crystal or External 2.0 84, 7. 3\9 MHz
Frequency QQ 6
tere Counter/Timer External Clock 1008 \o ’{Q’ ns
High or Low Time (IP2) o @
tere Counter/Timer External Clock 0% é 7.372 MHz
Frequency \ Q <
trTX RXCn and TXCn (External) Hi Zé ns
or Low Time?® Q’v\' o\,
frrx RXCn and TXCn (ExternaQO R '\
Frequency
16X QQ ) ‘b% 16.0 MHz
>
1x &Q N 5 0 10 | MHz
Transmitter Timing (Figure 65) QO o
trxD TXD Output Delay - TXC '@ 350 ns
(External) Low
tres TXD Output Delay - TXC 150 ns
(Internal)
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AC ELECTRICAL CHARACTERISTICS 1. 2.3 (CONT'D)

Symbol | Parameter | Min. | Typ. | Max. | Unit | Conditions
Receiver Timing XR82C684 (Figure 66)
trxs RXD Data Setup Time to RXC 240 ns
(External) High
tRxH RXD Data Hold Time from RXC 200 ns
(External) High

Notes

1 parameters are valid over the specified temperature and operating supply ranges. Typical values are 25°C, V¢ =5V and typical
processing parameters.

2 Allvoltages are referenced to ground (GND). For testing, input signal levels are 0.4V and 2.4V with a transition time of 20 ns maxi-
mum. All time measurements are referenced at input voltages of 0.8V and 2.0V as appr@rlatasee Figure 50.

3 AC test conditions for outputs: CL =50 pF, RL = 2.7 kohm to Vcc. é&
4 1f -CS is used as the strobing input, this parameter defines the minimum high time beWee &Ss
5 Consecutive write operations to the same register require at least three edges oP@ ck between writes.

6 This specification imposes a 6 MHz maximum 68000 clock frequency if a read or @te cx@ follows immediately after the previous
read or write cycle. A higher 68000 clock can be used if this is not the case. @

7 This specification imposes a lower bound on -CS and -IACK low, guarantt@eth ey will be low for at least one CLK period.

8 This parameter is specified only to insure that -DTACK is asserted with res& to rising edge of X1/CLK as shown in the timing
diagram, notto guarantee operation of the part. Ifthe specified setup tlm VIO| ,-DTACK may be asserted as shown or may be
asserted one clock cycle later.

9 The minimum high time must be atleast 1.5 times the X1/CLK period a@ he@-n ’uv lowtime must be atleast equalto the X1/CLK
period if either channel’'s Receiver is operating in external 1X cl% mo @
A A

O L VU
ABSOLUTE MAXIMUM RATINGS!? 60 Q@ 6\
DC Supply Voltage ........... ..o, *Q/ oQ *0
\ 60
Storage Temperature ............... -65°C 8&1 020 é

All Voltages with respect to Ground 2 85 tt\QﬂV Q

Notes

1 Stresses above those listed under the Ab te |‘®le atlngs may cause permanentdamage to the device. Thisisastressrat-
ing only, and functional operation ofth |c any other conditions above those indicated in the “Electrical Characteris-
tics” section of this specification is n I|e Ex re to absolute maximum rating conditions for extended periods may affect

device reliability. &Q 6\,
‘bQ
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SYSTEM DESCRIPTION

The XR82C684 consists of four independent, full-duplex
communication channels; each consisting of their own
Transmitter and Receiver. Each channel of the QUART
may be independently programmed for operating mode
and data format. The QUART can interface to a wide
range of processors with a minimal amount of
components. The operating speed of each receiver and
transmitter may be selected from one of 33 internally
generated fixed bit rates, from a clock derived from an
internal counter/timer, or from an externally supplied 1x or
16x clock. The bit rate generator (the source of the 33
different fixed bit rates) can operate directly from a crystal
connected across two pins or from an external clock. The
ability to independently program the operating speed of
the receiver and transmitter of each channel makes the
QUART attractive for split speed channel applications
such as clustered terminal systems.

Receiver and transmitter data are both quadrupled
buffered via on-chip FIFOs in order to minimize the risk of
receiver overrun and to reduce overhead in interrupt
driven applications. The QUART also provides a flow
control capability to inhibit transmission from a remote
device when the buffer of the receiving QUART is full, thus
preventing loss of data.

The QUART also provides two general-purpose
counter/timer (which may also be used as progra bl

bit rate generators), a 16 bit multi-purpose mput&rt
and an 16 bit multi-purpose output port plns

¥
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v

<
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A. DATA BUS BUFFER

The data bus buffer provides & ween the
internal (within the chip) and exter uses. ltis
controlled by the operation control bI to allow data
transfers to take place between the host CPU and the
QUART.

ANV SV S SEA
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B. OPERATION CONTROL BLOCK

The control logic of the Operation Control block receives
operating commands from the CPU and generates the
proper signals to the various sections of the QUART. The
Operation Control Block functions as the user interface to
the rest of the device. Specifically, it is responsible for
QUART Register Address Decoding, and Command
Decoding. Therefore all commands to set baud rates,

parity, other communication protocol parameters, start or
stop the Counter/Timer or reading a “status register” to
monitor data communication performance must go
through the Operation Co§l Block.

The Operation
performance bas the following input signals,

depending upg&%heé@i.t is operation in the “68” or “88

Mode”:

ol ock will control QUART

d%‘lvl&@' 88 Mode
Ad{&s |®ts Al-A5 Address Inputs, AO - A4
-RD
@ WR
0 SET -CcS
\ RESET

h QSB Mode” QUART also includes a data transfer
owledge (-DTACK) output which is asserted during
‘ad and write cycles in order to inform the CPU that the

orequc—:‘sted operation has been completed. An asserted

-DTACK signal indicates that the input data has been
latched during a write cycle, that the requested data is on
the data bus during a read cycle, or that the interrupt vector
is on the data bus during an interrupt acknowledge cycle.

When interfacing the QUART to a 6800 family processor,
the QUART should be configured to operate in the “88
Mode”. Additionally, the QUART will require some glue
logic in order to properly interface to a 6800 Family
processor. Figure 3 presents a schematic of the
appropriate glue logic circuitry.

™
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Figure 3. External Logic Circuitry Required To Interface a 6800 Family Processor
to an “88-Mode” XR82C684 Device

B.1 Quart Register Addressing

The addressing of the internal registers of the QUART is Masked Ir@rru&éfatus Register 2 (Channels C & D)

presented in Table 1. Please note that some of the | .
nterr @Re ster 1 (Channels A & B
registers are “Read Only” and others are “Write Only”. l@ g ( )

Each channel is provided with the following dedicated @ Int pt§ or Register 2 (Channels C & D)
o

(addressable) registers. ° iI| ntrol Register 1 (Channels A & B)
* Command Registers Q\ @htrol Register 2 (Channels C & D)
e Mode Registers (MR1 and MR2) \6 é
e Status Regist

alus megisters ] f| the QUART also contains other registers that
e Clock Select Registers functions other than serial data communication,
® Receiver Holding Register (RHR) and Transml as the parallel ports and the Counters/Timers.

Holding Register (THR) OPCR1 - Output Port Control Register 1

\°

Additionally, the QUART contains the follc&h QSS \@ . OPCR2 - Qutput Port Control Register 2

that supporE/controI channel pairs, Ek k IPCR1 - Input Port Configuration Register 1

e Interrupt Status Register 1 ( Cha’ﬁ e |PCR2 - Input Port Configuration Register 2

o Interrupt Status Register 2 (Ch e CTURI1 - Counter/Timer Upper Byte Register 1
e Interrupt Mask Register 1 (&? Q§§ e CTUR2 - Counter/Timer Upper Byte Register 2
® |Interrupt Mask Register 2 ( Chan ® CTLR1 - Counter/Timer Lower Byte Register 1
® Masked Interrupt Status Register 1 &annels A &B) o CTLR2 - Counter/Timer Lower Byte Register 2

ANV SV S SEA TOM
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XR82C684

Read Mode Registers Write Mode Registers
Address

(Hex) Register Name Symbol Register Name Symbol
00 Mode Register, Channel A MR1A, MR2A | Mode Register, Channel A MR1A, MR2A
01 Status Register, Channel A SRA Clock Select Register, Channel A CSRA
02 Masked Interrupt Status Register 1 MISR1 Command Register A CRA
03 Rx Holding Register, Channel A RHRA Tx Holding Register, Channel A THRA
04 Input Port Change Register 1 IPCR1 Auxiliary Control Register 1 ACR1
05 Interrupt Status Register 1 ISR1 Interrupt Mask Register 1 IMR1
06 Counter/Timer Upper Byte Register 1 CTU1 Counter/Timer ) CTU1

Upper Byte Register 1

07 Counter/Timer Lower Byte Register 1 CTLA Counter/Timer Lo er Byie Register CTL1
08 Mode Register, Channel B MR1B, MR2B | Mode Reglster § MR1B, MR2B
09 Status Register, Channel B SRB Clock Selec gls;ksﬁ%hannel B CSRB
0A RESERVED - Comma Channel B CRB
0B Rx Holding Register, Channel B RHRB Tx Holdg R&ter Channel B THRB
oC Interrupt Vector Register IVR1 Inte\@ or Register 1 IVR1
oD Input Port IP1 PO I:)r7t)Conf|gurat|on Register OPCR1
OE Start Counter/Timer 1 Command SCC1 6~S eu ort Bits 1 Command SOPBC1
OF Stop Counter/Timer 1 Command STC@ e tput Port Bits 1 Command COPBC1
10 Mode Register C MR1 (&fF@Q} Md@ﬂegister C MR1C, MR2C
11 Status Register C é? ck Select Register C CSRC
12 Masked Interrupt Status Register 2 <>Command Register C CRC
13 Rx Holding Register C o'* @ Tx Holding Register C THRC
14 Input Port Change Register 2 \\ Auxiliary Control Register 2 ACR2
15 Interrupt Status Register 2 00 \’ Interrupt Mask Register 2 IMR2
16 Counter/Timer 2, Upper Byt gis@r 0 TU2 Counter/Timer 2, Upper Byte Register CTu2
17 Counter/Timer 2, Lower @e R%Qg{erq CTL2 Counter/Timer 2, Lower Byte Register CTL2
18 Mode Register D QQ, \‘b ®'b' MR1D, MR2D | Mode Register D MR1D, MR2D
19 Status Register D 6@ b SRD Status Register D SRD
1A RESERVED Q - Command Register D CRD
1B Rx Holding Register D ‘b RHRD Tx Holding Register D THRD
1C Interrupt Vector Register 2 IVR2 Interrupt Vector Register 2 IVR2
1D Input Port 2 P2 %JFt)%ut g%qté;onfiguration Register 2 OPCR2
1E Start Counter/Timer 2 Command SCC2 Set Output Port Bits 2 Command SOPBC2
1F Stop Counter/Timer 2 Command STC2 Clear Output Port Bits 2 Command COPBC2

Note: The shaded blocks are not Read/Write registers but are rather “Address-Triggered” Commands.

Table 1. Quart Port And Register Addressing

ANV SV S SEA
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Table 1 indicates that each channel is equipped withtwo ~ command can be issued by writing the appropriate data to
Mode Registers. Associated with each of these Mode the appropriate channel's Command Register.
Register pairs is a “Mode Register” pointer or MR pointer. ~ Therefore, both Mode Registers, within a given channel,
Upon chip/system power up or RESET each MR pointer is have the same logical address. The features and
“pointing to” the channel MR1n register. (Please notethat ~ functions of the QUART that are controlled by the Mode
the suffix “n” is used at the end of many of the QUART Registers are discussed in detail in Section G.3.

registers symbols in order to refer, generically, to any one
of the four channels). However, the contents of the MR

pointer will shift from the address of the MR1n register to Each channel is equipped with a Command Register. In
that of the MR2n register, immediately following any Read  general, the role of these Command Registers are to
or Write access to the MR1n register. The MR pointerwill  enable/disable the Transmitter, enable/disable the
continue to “point to” the MR2n register until a hardware Receiver, along with facilitating a series of other
reset occurs or until a “RESET MR POINTER” command  miscellaneous channel and chip related commands. The
has been invoked. The “RESET MR POINTER” bitformat for each CQ@naanegister is presented below.

B.2 Command Decoding

\S
CRA, CRB, CRC, CRD \‘? &Q’
o0
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 |x\‘Bi Bit 1 | Bit 0
Miscellaneous Commands Enable/Dise@'é'R‘ iver Enable/Disable Transmitter
See Following Text 00=NoC e Q‘ 00 = No Change
o >

01 = En P§ 01 = Enable Tx
10 = QRpgabl 10 = Disable Tx
11 t 8 not use) 11 = Not Valid (Do not use)

WA
The function of the lower nibble of the Command \,%ef'gt mmands associated with the upper nibble of
t{é)

Registers is fairly straight-forward. This nibble is used %0 nd Registers. Please note that the upper nibble
either enable or disable the Transmitter and/or Receiy, ds 116 through B effects only the performance of

The upper nibble of the Command Register is u§iot0\0 C and Register's Channel. However, commands C
le
@)

invoke a series of miscellaneous commands. * e * D effects system (or chip) level operation.
\O 0
Bit7 | Bit6é | Bit5 | Bit4 X (,Q Q Description
0 0 0 0 omidng: ¥V
0 0 0 1 et X@Rn PQnter: Causes the Channel’s MRn pointer to point to MR1n.
0 0 1 0 4;Resggﬁ%e ﬁer: Reset the individual channel receiver as if a Hardware Reset has
QpQ be@y'ap, . The Receiver is disabled and the FIFO is flushed.
0 0 1 (\ @se@ansmitter: Resets the individual channel transmitter as if a Hardware
& Q’%e t had been applied. The TXDn output is forced to a high level.
0 1 0 0 R@et Error Status: Clears the Received Break (RB), Parity Error (PE), Framing

@vor (FE) and Overrun Error (OE) status bits, SR[7:3].

Specifically, if the Error Mode, for a particular channel is set at “Block” Error Mode,
this command will reset all of the Receiver Error Indicators in the Status Register. In
the Block Error Mode, once either a PE, FE, OE, or RB occurs, the error will con-
tinue to be flagged in the Status Register, until this command is issued.

If the Error Mode, for a particular channel is set to “Character Error Mode”, then the
contents of the Status Register for PE, FE, and RB are reflected on a character by
character basis. In the “Character Error Mode”, the state of these indicators is
based only upon the character that is at the top of the RHR.

Note: The OE indicator is always presented as a “Block Error Mode” indicator, and
requires this command to be reset.

0 1 0 1 Reset Break Change Interrupt: Clears the channel’s break change interrupt status
bit, within the appropriate Interrupt Status Register.

ANV S LSS TOM
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Bit 7

Bit 6

Bit 5

Bit 4

Description

0

1

1

0

R

Q

Start Break: Forces the TXDn output low. The transmitter must be enabled to start
a break. If the transmitter is empty, the start of the break may be delayed up to two
bit times. If the transmitter is active, the break begins when the transmission of
those characters in the THR is completed, viz., TXEMP must be true before the
break will begin.

Stop Break: The TXDn line will go high within two bit times. TXDn will remain high
for one bit time before the next character, if any, is transmitted.

Set Rx BRG Select Extend Bit: Sets the channel’s “Receiver BRG Select Extend
Bit" to 1.

Clear Rx BRG Select Extend Bit: Clears the channel’s “Receiver BRG Select
Extend Bit” to 0.

Set Tx BRG Select Extend Bit: Sets the channel’s “Transmitter BRG Select
Extend Bit” to 1.

Clear Tx BRG Select Extend Bit: Clears the %ann% s “Transmitter BRG Select
Extend Bit” to 0.

Set Standby Mode (Channel A): When th&on&%ﬂ is invoked via the Channel
A Command Register, power is removed fiom of the transmitters, receivers,
counter/timer and additional circuits t UART in the standby (or lower
power) mode. Please note that this ffects the operation of the entire
chip. Normal operation is restored are reset or by invoking the “SET
ACTIVE MODE” command.

Reset IUS Latch (Channel B Q\It}e@s command is invoked via the Channel B
Command Register, and the peratlng in Z-mode, it causes the Interrupt-
Under-Service (IUS) Iatch er % This, in turn, will cause the IEO output to
toggle “high”. é

Select Direct Syster@ &
Following a hardw r|or to |nvok|ng this command, the QUART is

operating in a “Di ”mode. Specifically, this means that the oscil-
lator clock freq y two prior to entering the baud rate generator por-
tion of the T| If the QUART operates in the “Divided Systems
Clock” mod rate achieved (for all four channels) will be one-half of
that prese% inb and Table 15A. If the user invokes this command via the
Chann gister, then this “Divide-by-2” network is removed from the

t|m|n% at d the user will achieve the baud rates, specified in Table 15

and (@ble
Moy

(Channel A): When this command is invoked via the Channel A
ter, the QUART is removed from the Standby Mode and resumes
ion

(Channel B): When this command is invoked via the Channel B Com-

on of the QUART’s operation while in the Z-Mode, Please see Section

&Q }’ gister, the QUART is conditioned to operate in the Z-Mode. For a detailed
iISONSSI

(Available for 88 Mode only)
ect Divided System Clock (Channel C):

This command is the reverse of the “Select Direct Systems Clock mode” command.
This command will return a “divide by 2” network into the BRG timing signal path.
The effect of this command is to reduce the baud rate by one-half of that presented
in Table 15 and Table 15A. Please note that this command effects the baud rates
for all four channels of the QUART.

Reserved
Reserved

Table 2. Miscellaneous Commands, Upper Nibble of All Command Registers, Unless Otherwise Specified
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In addition to the commands which are available through
the command registers, the QUART also offers
“Address-Triggered” “commands. These commands are
listed in Table 1, “Quart Port and Register Addressing,”
and are further identified by being “shaded” in this table.
Specifically, these commands are:

e Start Counter/Timer 1 Command
e Stop Counter/Timer 1 Command
e Start Counter/Timer 2 Command
o Stop Counter/Timer 2 Command
e Set Output Port Bits 1 Command
e Set Output Port Bits 2 Command
o Clear Output Port Bits 1 Command
o Clear Output Port Bits 2 Command

Each command is invoked by either reading or writing
datato its corresponding QUART address, as specified in
Table 1.

For example, the Start Counter/Timer 1 Command is
invoked by the procedure of reading QUART address
OE4g. Please note that this “Read Operation” will not
result in placing the contents of a QUART register on the

data bus. The only thing that will happen, in response to 0

QQ

this procedure is the Counter/Timer #1 will initia
counting. For a detailed discussion into the operatlo
the Counter/Timers, please see Section D.2.

Another example of an Address-Triggered com
the “Set Output Port Bits 1” Command. This c
invoked by performing a write of data to QU T a

@@

OE4g. When the user invokes this com

setting certain bits (to “1”) within OP eort
Register 1). All other bits, within OP d to
be set), are not changed. Thestate pms

22 EXAR

OPO - OP7 are complements of the individual bits within
OPR1. Likewise, the state of output port pins OP8 - OP15
are complements of the individual bits with OPR2.
Hence, if OPR1[0] (e.g., bit 0 within OPR1) is setto “1”, the
state of the corresponding output port pin, OPO, is now set
to a logic “0”. Consequently, one can think of the “Set
Output Port Bits” command as the “Clear Output Port
Pins” command. For a more detailed discussion into the
operation of the Output Ports, please see Section F.

C. Interrupt Control Block

The Interrupt Control Block allows the user to apply the
QUART in an “Interrupt-Driven” environment. The
QUART includes & low, open-drain interrupt
request output sig &é’) which may be programmed
to be asserted u[@n thc} currence of any of the following

events:
ol Xgister A, B, C, or D Ready
Register A, B, C, or D Ready

° Re
FO A, B, C or D Full
@taf\@%&\of Received Break in Channels A, B, C

nd% ounter/Timer Count Reached (for either
r/Timer 1 or Counter/Timer 2)

® Trans

&ange of State on input pins, IPO, IP1, IP2, IP3,
bePS IP9, IP10, or IP11

O*I'he Interrupt Control Block consists of two Interrupt

Status Registers (ISR1 and ISR2), two Interrupt Mask
Registers (IMR1 and IMR2), two Masked Interrupt Status
Registers (MISR1 and MISR2) and two Interrupt Vector
Registers (IVR1 and IVR2). Table 3 lists these registers
and their address location (within the QUART).

& > ~ Address Location

Register 6 bDescrlptlon (in QUART Address Space)

ISR1 InterrL@‘Status Register 1 0516 (Read Only)

ISR2 Interrupt Status Register 2 1515 (Read Only)

IMR1 Interrupt Mask Register 1 0516 (Write Only)

IMR2 Interrupt Mask Register 2 151 (Write Only)

MISR1 Masked Interrupt Status Register 1 [ 021 (Read Only)

MISR2 | Masked Interrupt Status Register2 | 12,5 (Read Only)

IVR1 Interrupt Vector Register 1 0C1g

IVR2 Interrupt Vector Register 2 1Cqg

Table 3. Listing and Brief Description of Interrupt System Registers
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The role and purpose of each of these registers are
defined below:

C.1 Interrupt Status Registers (ISR1 and ISR2)

The contents of the ISRs indicates the status of all

XR82C684

condition has or is occurring. In general, the contents of
the ISR will indicate to the processor, the source or the
reason for the Interrupt Request from the QUART.
Therefore, any interrupt service routine for the QUART
should begin by reading either these registers or the

potential interrupt conditions. If any bits within these =~ MISRs (Masked Interrupt Status Registers). The
registers are toggled “high”, then the corresponding bit-format of the two ISRs are presented below:
ISR1 Register Bit Format
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Input Port Delta Break RXRDY/ TXRDYB Counter #1 | Delta Break RXRDY/ TXRDYA
Change B FFULLB Ready A FFULLA
0=No 0=No 0=No 0=No 0=No 0=No 0=No 0=No
1=Yes 1=Yes 1=Yes 1=Yes 1=Yes 1= b 1=Yes 1=Yes
ISR2 Register Bit Format 0’0 \0‘
IR o
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 N i@»’ Bit 1 Bit 0
Input Port Delta Break RXRDY/ TXRDY D Counter #ZQJDelé reak RXRDY/ TXRDY C
Change D FFULL D Ready 0o AQ C FFULL C
0=No 0=No 0=No 0=No = Ay 4QVO=N0 0=No 0=No
1=Yes 1=Yes 1=Yes 1=Yes N 1=Yes 1=Yes 1=Yes

The definition of the meaning behind each of these bits is
presented below.

C.1.1 ISR1 Register - Channels A and B
‘Q

If this bit is at a logic “1”, then a change sbat
detected at Input Port pins IPO - IP3. Th
this interrupt by reading IPCR1 (if ISR1 [7
cleared when the CPU has reéy

ISR1[7]: Input Port Change of State:

|c@0

Configuration Register # 1 (IPCR1 PCR1

the user will determine:

e The Input Port pin that chafyed b

e The final state of the monitored inp rts, following
the Change of State.

For a detailed description of the IPCR1, please see

Section E.

Please note that in order to enable this Interrupt
Condition, the user must do two things:

1. Write the appropriate data to the lower nibble of the
Auxiliary Control Register, ACR1[3:0]. In this step, the
user is specifying which of the four Input Pins, IPO - IP3,
should trigger an “Input Port Change” Interrupt request.

2. Write a logic “1” to IMR1][7].

ANV S LSS
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@\) }reak Indicator - Channel B:

bit is set, it indicates that the Channel B

e s detected the beginning or end of a received

. This bit is cleared (or reset) when the CPU

es a channel B “RESET BREAK CHANGE
ERRUPT” command (see Table2). For more

Q Oinformation into the QUART’s response to a BREAK

condition, please see Section G.2.

ISR1[5] RXRDY/FFULL B - Channel B Receiver
Ready or FIFO Full

The function of this bit is selected by programming
MR1BI[6]. If this bit field is configured to function as the
Receiver Ready indicator (RXRDYB), then a “1” in this
bit-field indicates that at least one character of data is in
RHRB and is ready to be read by the CPU. This bit is set
when a character is transferred from the receiver shift
register to the RHRB and is cleared when the CPU reads
the RHRB. Ifthere are still more characters in RHRB after
the read operation, the bit will be set again after RHRB is
“popped”.

If this bit is configured to function as the “FIFO Full”
Indicator (FFULLB), then it is set when a character is
transferred from the RSR to RHRB and the transfer
causes RHRB to become full. This bitis cleared when the
CPU reads RHRB; and thereby “popping” the FIFO,

TOM
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making room for the next character. If a character is
waiting inthe RSR because RHRB is full, this bit will be set
again after the read operation, when that character is
loaded into RHRB.

Note: If this bit is configured to reflect the FFULLB
indicator, this bit will not be set (nor will produce an
interrupt request) if one or two characters are still
remaining in RHRB, following data reception. Hence, itis
possible that the last two characters in a string of data
(being received) could be lost due to this phenomenon.

ISR1[4] TXRDYB - Channel B Transmitter Ready

This bit is a duplicate of TXRDY B, SRB[2].

This bit, when set, indicates that THRB is empty and is
ready to accept a character from the CPU. The bit is
cleared when the CPU writes a new character to THRB;
and is set again, when that character is transferred to the
TSR. TXRDYB is set when the transmitter is initially
enabled and is cleared when the transmitter is disabled.
Characters loaded into THRB while the transmitter is
disabled will not be transmitted.

ISR1[3] Counter #1 Ready

In the TIMER mode, C/T #1 (Counter/Timer #1) wil
ISR1[3] once for each cycle of the resultant squareéa
(which is available at the OP3 pin). ISR1[3] will beQ

by invoking the address-triggered “STOP CO

command. Bear in mind, that in the TIM
“STOP COUNTER” command will not st

o

In the COUNTER mode, this bit is

reaches the terminal count (0000) é |s$ar when
the counter is stopped by a@ & TER”
command. When the Counter, ' UNTER
Mode, the “STOP COUNTER” co ill stop the

Counter/Timer. A detailed discussion og\the operation of
the Counter/Timers can be found in Section D.

ISR1[2]:
Break

Delta Break A - Channel A Change in

Assertion of this bit indicates that the channel A receiver
has detected the beginning of or the end of a received
break (RB). This bit is cleared when the CPU invokes a
channel A “RESET BREAK CHANGE INTERRUPT”
command. For more information into the QUART’s
response to a BREAK condition, please see Section G.2.
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ISR1[1] RXRDYA/FFULL A - Channel A Receiver
Ready or FIFO Full

The function of this bit is selected by programming
MR1A[6]. If this bit field is configured to function as the
“Receiver Ready” indicator (RXRDYA), a “1” in this bit
field indicates that there is at least one character of datain
RHRA, and is ready to be read by the CPU. This bit is set
when a character is transferred from the RSR to RHRA
and is cleared when the CPU reads (or “pops”) RHRA. If
there are still more characters in RHRA, following the
read operation, the bit will be set again after RHRA is
“popped”.

If this bit is configured to function as the FIFO (RHR) full
indicator (FFULLA), q ispyset when a character is
transferred from to RHRA and the newly
transferred char es RHRA to become full. This

bitis cleared Ureads RHRA. Ifacharacteris
waitinginthe R &ause RHRA s full, this bit will be set
again, foll g ead operation, when that character is
loaded ij

Note:Qv th@blt is configured to reflect the FFULLA
|nd s bit will not be set (nor will produce an

t) if one or two characters are still

ru% e
RA, following data reception. Hence, itis
(}'po i I t the last two characters in a string of data

elved) could be lost due to this phenomenon.
e the user is advised to read RHRA until empty.

&1[0] Channel A Transmitter Ready

oThIS bit is a duplicate of TXRDY A, SRA[2].

This bit, when set, indicates that THRA is empty and is
ready to accept a character from the CPU. The bit is
cleared when the CPU writes a new character to THRA;
and is set again, when that character is transferred to the
TSR. TXRDYA is set when the transmitter is initially
enabled and is cleared when the transmitter is disabled.
Characters loaded into THRA while the transmitter is
disabled will not be transmitted.

C.1.2 ISR2 Register - Channels C and D

ISR2[7]: Input Port Change of State:

If this bit is at a logic “1”, then a change of state was
detected at Input Port pins IP8 - IP11. The user services
this interrupt by reading the IPCR2 (if ISR2[7] = 1).
ISR2[7] is cleared when the CPU has read the Input Port
Configuration Register (IPCR2). By reading the IPCR2,
the user will determine:

e The individual Input Port pin that changed state
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® The final state of the monitored input ports, following
the Change of State.

For a detailed description of IPCR2, please see Section E.

Please note that in order to enable this Interrupt
Condition, the user must do two things:

1. Write the appropriate data to the lower nibble of the
Auxiliary Control Register, ACR2[3:0]. In this step, the
user is specifying which of the four Input Pins (IP8 -
IP11) should trigger an “Input Port Change” Interrupt
request.

2. Write a logic “1” to IMR2[7].

ISR2[6] Delta Break Indicator - Channel D:

When this bit is set, it indicates that the Channel D
receiver has detected the beginning or end of a received
break (RB). This bit is cleared (or reset) when the CPU
invokes a channel D “Reset Break Change Interrupt’
command (see Table 2). For more information into the
QUART’s response to a break condition, please see
Section G.2.

ISR2[5] RXRDY/FFULL D - Channel D Receiver
Ready or FIFO Full

0

The function of this bit is selected by progra
MR1DI[6]. If this bit field is configured to funct|on é@
“Receiver Ready” indicator (RXRDYD),
field indicates that at least one character of
RHRB and is ready to be read by the CPU. @set@
when a character is transferred from t gq‘
register to RHRD and is cleared when t@:PL&ade
RHRD. Ifthere are still more charactéé
in
>

the
read operation, the bit will be set ﬁ&RD is
"

“popped”. &

If this bit is configured to furﬁ r& “FIFO Full
indicator (FFULLD), this bit-field is set waen a character is
transferred from the RSR to RHRD and the transfer
causes RHRD to become full. This bitis cleared when the
CPU reads RHRD; and thereby “popping” the FIFO,
making room for the next character. If a character is
waiting inthe RSR because RHRD is full, this bit will be set
again after the read operation, when that character is
loaded into RHRD.

Note: If this bit is configured to reflect the FFULLD
indicator, this bit will not be set (nor will produce an
interrupt request) if one or two characters are still
remaining in RHRD, following data reception. Hence, itis
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possible that the last two characters in a string of data
(being received) could be lost due to this phenomenon.

ISR2[4] TXRDYD - Channel D Transmitter Ready

This bit is a duplicate of TXRDY D, SRD[2].

This bit, when set, indicates that THRD is empty and is
ready to accept a character from the CPU. The bit is
cleared when the CPU writes a new character to THRD;
and is set again, when that character is transferred to the
TSR. TXRDYD is set when the transmitter is initially
enabled and is cleared when the transmitter is disabled.
Characters loaded into THRD while the transmitter is
disabled will not be transmitted.

ISR2[3] Counter @ e@/

In the TIMER r& #2 (Counter/Timer #2) will set
ISR2[3] once e@ cycle of the resultant square wave

(which is ilaple»"at the OP11 pin). ISR2[3] will be
cleared,g@Mvekiig the address-triggered “Stop Counter
2’ co ndgdBear in mind, that in the TIMER mode, the
“ST TER” command will not stop the C/T.

C%

R mode, this bit is set when the counter
rminal count (0000) and is cleared when
is stopped by a “STOP COUNTER”

When the Counter/Timer is in the COUNTER
he “STOP COUNTER” command will stop the

terfﬁmer A detailed discussion on the operation of
Counterfﬁmer can be found in Section D.

In

ISR2[2]: Delta Break C - Channel C Change in
Break

Assertion of this bit indicates that the channel C receiver
has detected the beginning of or the end of a received
break (RB). This bit is cleared when the CPU invokes a
channel C “Reset Break Change Interrupt” command.
For more information into the QUART’s response to a
BREAK condition, please see Section G.2.

ISR2[1] RXRDYA/FFULL C - Channel C Receiver
Ready or FIFO Full

The function of this bit is selected by programming
MR1CJ6]. If this bit-field is configured to function as the
“Receiver Ready” indicator (RXRDYC), a “1” in this
bit-field indicates that there is at least one character of
data in RHRC, and is ready to be read by the CPU. This
bit is set when a character is transferred from the RSR to
RHRC and is cleared when the CPU reads (or “pops”)
RHRC. If there are still more characters in RHRC,
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following the read operation, the bit will be set again after
RHRC is “popped”.

If this bit field is configured to function as the FIFO (RHR) fulll
indicator (FFULLC), this bit-field is set when a character is
transferred from the RSR to RHRC and the newly
transferred character causes RHRC to become full. This bit
is cleared when the CPU reads RHRC. If a character is
waiting in the RSR because RHRC is full, this bit will be set
again, following the read operation, when that character is
loaded into RHRC.

Note: If this bit is configured to reflect the FFULLC
indicator, this bit will not be set (nor will produce an
interrupt request) if one or two characters are still
remaining in RHRC, following data reception. Hence, itis
possible that the last two characters in a string of data
(being received) could be lost due to this phenomenon.
Therefore, the user is advised to read RHRC until empty.

ISR2[0]: Channel C Transmitter Ready

22 EXAR

This bit is a duplicate of TXRDY C, SRC[2].

This bit, when set, indicates that THRC is empty and is
ready to accept a character from the CPU. The bit is
cleared when the CPU writes a new character to THRC;
and is set again, when that character is transferred to the
TSR. TXRDYC is set when the transmitter is initially
enabled and is cleared when the transmitter is disabled.
Characters loaded into THRC while the transmitter is
disabled will not be transmitted.

C.2 Interrupt Mask Registers (IMR1 and IMR2)

The Interrupt Ma@egis&m are each “Write Only”
registers which en 1 ser to select the conditions
that will cause the to issue an Interrupt Request
to the processoé\T her®fore, the bit-format of the IMR is
essentially t as the ISR. However, for
completengsd, thﬁeFormat of the IMR1 and IMR2 are
presentedydel

| N
IMR1 Bit Format (/) Q’
&0
N
o\ o O

Bit 7 Bit 6 Bit 5 Bit 4 M\O Bit 2 Bit 1 Bit O
Input Port | Delta Break RXRDY/ TXRDYIb\) &u e | Delta Break RXRDY/ TXRDYA
Change B FFULLB 0O Q=R A FFULLA

0 = Off 0 = Off 0 = Off o?« \Y off 0 = Off 0 = Off 0 = Off

1=0n 1=0n 1=0n Az 5\0 (dzOn 1=0n 1=0n 1=0n

ANGPS
&l
_ Y 0
IMR2 Bit Format ) Q"\. 0\'
0 < O
PR

Bit 7 Bit 6 Qjts . 7| JLBit4 Bit 3 Bit 2 Bit 1 Bit O
Input Port | Delta Break & R WTXRDY D Counter Delta Break RXRDY/ TXRDYC
Change D F% D‘\é' Ready C FFULLC

0 = Off 0 = Off 0= Ofy’ 0 = Off 0 = Off 0 = Off 0 = Off 0 = Off

1=0n 1=0n 1=0n 1=0n 1=0n 1=0n 1=0n 1=0n

If the user wishes to enable a certain interrupt, he/she
should write a “1” to the bit within the IMR, corresponding
to that Interrupt Condition. Likewise, to disable or mask
out a certain condition causing an interrupt, the user
should write a “0” to the bit location corresponding to that
condition.

Please note that the IMRs are Write Only Registers, and
can therefore not be read by the processor.

ANV SV S SEA

C.3 Masked Interrupt Status Register (MISR1 and
MISR2)

The content of the MISRn register is basically the results
of ANDing the ISRn and IMRn together.

MISRn Content = [ISRn Contents]-[IMRn Contents]

One limitation of QUART Interrupt Service Routines that

rely on reading the ISRs is that the bits within the ISRs can
toggle “high” due to their corresponding conditions
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whether or not they are enabled by the appropriate IMR.
Therefore, the user, following reading the Interrupt Status
Register, will have to make provisions for; and execute a
“bit-by-bit” AND of the ISR and IMR contents. Since the
IMRs are “Write Only” registers and cannot be read by the
processor, the contents of the IMRs will have to be stored
in system memory, for later recall. The additional
hardware and software overhead required to support this
activity can be eliminated via use of the MISRs.

C.4 Interrupt Vector Registers, IVR1 and IVR2

These registers are only used for Interrupt Vector
generation when the QUART is operating in the “68
Mode” or has been commanded into the special Z-Mode
(a subset of the “88-Mode”). While in one of these modes,
the contents of the IVR is typically related to the starting
address of the QUART'’s Interrupt Service Routine.
Otherwise, in the I-Mode, Interrupt Vector generation is
typically performed off-chip. When the QUART is
operating in the I-Mode, the IVRs can be used as general
purpose read/write registers. The role of the IVRs, while
the QUART is operating in the 68 or Z-Mode is presented
in section C.6.

0

C.5 Limitations of the QUART Interrupt Structure

The Interrupt Structure offered by the QUART allows
user to program the QUART to generate intern.@% i
response to certain THR and RHR (FIFO) cond|t|Q
Counter/Timer Ready condition, and to cha

Break Condition (at the Receiver). weve

the “Delta Break Condition” (RB), the ‘Q?
generate interrupts due to Recelver e

Parity Error (PE), Receiver Overr ,

Framing Error (FE). The QUART aI er the
user to ability to configure one o torelay
the occurrence of any of t ge onditions.
Therefore, unless the user is imp me sort of

“Data Link Layer” error checking scher@ such as CRC,
the user is advised to “validate” the received data by
frequently reading the Status Register; and checking for
any non-zero upper-nibble values. This is especially the
case if the user has set the Error Mode to “Character”
(MR1n[5] = 0).

C.6 Servicing QUART Interrupts

Interrupt servicing with the XR82C684 QUART falls into
two broad categories: “68 Mode” and “88 Mode.” Within
the “88 Mode”, interrupt servicing can be further divided
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oafter this polling procedure is completed can the
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into the I-Mode and the Z-Mode. Interrupt Servicing for
each of these modes is discussed in detail below.

C.6.1 “68 Mode” Interrupt Servicing

The 68000 family of microprocessors supports
vectored-interrupt processing. Specifically, during
interrupt servicing, the QUART will respond to the
interrupt acknowledge, from the CPU, by placing the
contents of one of the IVRs (IVR1 or IVR2) on the data
bus, to be read by the CPU. During normal operation, the
contents of each of the IVRs are related to a locations in
memory, where the appropriate interrupt service routines
(for the interrupting QUAR&eSideS.

Therefore, in vecto te
of the IVRs accom&sh

. ldentify t%&rg}ral components requesting the

interrupt

t applications, the contents
things:

2. Allow to determine the location of; and
brag Q@am control to the location, in program
or hat contains the appropriate Interrupt

outine for the interrupting QUART.

®§ of using “Vectored-Interrupt” processing
6 -interrupt” processing is significant in
tingy-cringal applications using many peripherals devices.
‘P bd interrupt” processing, upon the detection of the

pt Request, the microprocessor will have to go
ugh and poll each and every peripheral device in
der to determine the device causing the interrupt. Only

microprocessor branch program control to the
appropriate interrupt service routine. The time required to
poll each of these peripheral devices adds to the interrupt
latency period over and above that which would occur
during vectored-interrupt processing.

Consequently, during initialization of the QUART, the user
will have to load each of the IVRs with a hexadecimal
numbers of values between 40h through FFh, inclusively.
This is the range of the values, in the 680x0’s exception
vector table, that have been reserved for “User Interrupt
Vector”. The memory location of the “QUART” interrupt
service routines can be found by multiplying the contents
ofthe IVR by 4. Hence, the user should take care to make
sure that the Interrupt Service Routine for the interrupt
conditions addressed by ISR1, starts at [Contents of
IVR1]-4 in Program Memory. Likewise, the user must
issue that the Interrupt Service Routine for the interrupt
conditions addressed by ISR2, start at [Contents of

IVR2]-4 in Program Memory.
TEM
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The XR82C684, like many other 68000-series peripheral
devices are designed such that the default contents of
their IVR (following a RESET condition) is OFh.
Consequently, if, during an Interrupt Acknowledge cycle
(see the next section) the CPU reads the value OFh from

the QUART; and “Uninitialized Interrupt Vector” exception
will be generated.

Figure 4 presents a simple illustration of how to interface
the QUART to a 68000 processor for Interrupt Service
considerations.

Figure 4. Simple Illustration Depi
of the XR82C684 QUART to

Figure 5 presents a more detailed schematic of the (}mtq?p&e

XR82C684 device interfacing to a 68000 microprocess
This figure shows only the interrupt processing portio
the microprocessor/QUART interface. The a
decoding circuitry for address bus bits A0S - A
included. This circuit consists of an “Interrqg
Encoder (SN74LS148), and two 3-L me@
Decoders (SN74LS138). For discussio

of these SN74LS138 devices are el

o
Decoder” and the other is labele é@ @ip Qelect

Decoder”. In this figure, the QUA ar}bﬁ\terrupt
.(0 @ &

priority level of 4 (1005).

A function description of this circuit fmw §the QUART
requires service fromthe CPU, it will ass@fthe active-low,
open-drain, output signal, -INTR. When this signal
toggles “low” the Interrupt Priority Encoder (SN74LS148)
will generate the appropriate Interrupt Priority level and
present this priority level to the CPU. In this case, the
Interrupt Priority levelis 4 (-IPL2 =0, -IPL1 =1, -IPLO =1).
In response to the Priority Level 4 interrupt request, the
CPU will check the Interrupt Mask bits (of its own internal
Status Register) in order to determine the present
interrupt priority level. Ifthe presentinterrupt priority level
is 4 or less; the CPU will acknowledge and begin service
of this new QUART interrupt request. If the present
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Interrupt -IPLO
INTRN Priority -IPL1
Encoder PL2
Function FCO
IACKN Code FCA
Decoder FC2
DO - D7 | DO%&?
-DTACK ST’??
XR82C684 (\0 A& MC68000 Processor

Od

r.oa»y \

O &
nterfacing

&\ESSOI’

ority level is 5 or greater, the QUART’s
quest will not be serviced until completion of all
priority interrupts. Once the microprocessor
es to service this particular interrupt request, it will
So by asserting all of the Function Code outputs (FC2 =
FC1 =1, FCO = 1), in order to indicate that this next bus
cycle will be an Interrupt Acknowledge Cycle.
Additionally, whenever the 68000 CPU is interrupted, it
will output on Address Bits Agq, Ago, and Agg, the Interrupt
Priority level, while the remaining address bits Ag4 - Ao3
are all set to the logic one level. Therefore, the CPU will
acknowledge this QUART interrupt request by setting Ag1
=0, Ag2 =0, Agz = 1, and Ag4 - Aoz = 1. Once all of the
Function Code outputs are set, the NAND gate (74LS10)
will assert one of the enable inputs of the “IACK
Decoder”. Additionally, the Address Strobe output (-AS)
will soon be asserted in order to start the next bus cycle.
Once it is asserted, the other enable input of the -IACK
Decoder will also be asserted. When the two enable
inputs are asserted, the -IACK Decoder will assert the
output labeled “-IACK4, thereby asserting the -IACK input
of the QUART. In parallel with the -IACK4 signal being
asserted, the address bits, Agg - Asg, are routed through
an address decoder (not shown). However, if all of these
address bits are at logic “1” level, the “I/O Chip Select
Decoder” will also be enabled. In this figure, the output
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labeled -CSO0 will be asserted, thereby asserting the -CS
input of the QUART. Please note that the QUART does
not requires that its -CS input be asserted in order to
respond to an “Interrupt Acknowledge” cycle. The
QUART only requires that its -IACK input be asserted.

In response to the assertion of the -IACK input, the
QUART will place the contents of one of the IVRs
(Interrupt Vector Registers 1 or 2) on the data bus (DO -
D7), where it can be read by the CPU. Once the QUART
has placed the contents of the appropriate IVR on the
data bus, it will assert the -DTACK output in order to
inform the CPU that data is ready to be read from the data
bus. The CPU will then execute this “read” an a manner
identical with any other read cycle. Once this “read” cycle
is completed, the CPU will negate the -AS output (thereby
negating the -IACK input of the QUART); and the QUART
will, in turn, negate the -DTACK output to the CPU. Once
the -DTACK output has been negated the Interrupt Cycle
is completed, and the next several read and write cycles
will likely be dedicated to servicing the QUART interrupt.

If the user had properly initialized the IVRs, with values

ranging between 64 (404g) and 255 (FF4g), the CPU will
multiply this value by 4, in order to determine the location,
in memory, of the QUART Interrupt Service Routine.
Afterwards this address location will be loaded into the
Program Counter (of the CPU) and the CPU will branch
program control to this location. Obviously, the user must
ensure that the appropriate interrupt service routine
exists at the location in system level memory. If the user
has failed to initialize the IVRs, their contents will be (by
default) OF 1. The 68-Mode XR82C684 device, like many
other 68000 series peripherals are designed to have the
default value of their Interrupt Vector Registers to be OF 1.
If, during the Interrupt Cycle, the CPU reads OF from one
of the QUART IVRs, the CPU will multiply this value by 4,

and will branch pr m é)ntrol to the “Uninitialized
Interrupt Vector” pt@ service routine, located at
g

03C1gin memor,
When the CP \a erly serviced the interrupt and the
the interrupt request(s) from the

condition(s)@au
QUART, have 9?1 eliminated, the -INTR output from the
egated.

QUARRWIll
0(\ O

AY
-RW = -RW
-DTACK Q % qd -DTACK
D00 - D07 DO - D7
-IPLO AINTR
-IPL1
-IPL2 -IACK
Al
A2
FCO A3
FC1 A4
FC2 A5
-CS
&Y 4 5 7 -IACK?7 XR82C684
6 \ 9 -IACK6 10CS
A01 - A08 \ IAcK 10 -IACK5 b A-AS
Decoder 11 4 5 7P—-cs7
A1) 12 -IACK3 9pP— -cse
A2, 13 -IACK2 AOB| ~ 10p— cs5
A0S 14 -IACK1 Ao7| . /O Chip 11 b g4
A09 - A23 LV pog| 2 Select
3 Decoder 12— -CS3
SN74LS138 13— -CSs2
14 P— -Cst
15
To Address From Address — -CS0
MC68000 Decoding Circuitry Decoding Circuitry SN74LS138

Figure 5. Detailed Schematics of the XR82C684 Interfacing to the MC68000 Processor
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-INTR \

-IPLO - -IPL2 \

FCoO - FC2 /

AO01 - AO3

I
A0t - A23 -
-IACK —\

N (@
Do - b7 < Vector - °® &
,bo
-DTACK \ m
\)
Figure 6. XR82C684/68000 CPU In@'up cle Timing

Figure 6 presents a timing diagram depicting the \?V ﬂh

sequence of events that will occur at the QUART/C
interface, during an Interrupt Acknowledge Bus CycI

Interrupt Service Routine

quickly:
1. Identify the condition causing the I{@rru

2. Service the interrupt by elmwgmgg d|t|on
causing the Interrupt.
In order to identify the cause& t the CPU

must read the appropriate Interrupt St s Register (or
Masked Interrupt Status Register) of the QUART. The
contents of each of the ISRs identifies the condition(s)
causing the Interrupt Request. Section C.1 defines the bit
format of the ISRs and discusses how to clear each of the
bits within the ISRs.

C.6.2 “88 Mode” Interrupt Servicing

88/l-Mode and 88/Z-Mode. |-Mode has historically been
referred to as the “Intel” Mode. Likewise, the Z-Mode has
been referred to as the “Zilog” Mode.

ANV SV S SEA

&
ART is operating in the Z-Mode, the QUART

n 8 bit “interrupt vector” on the data bus, to the
ring the “Interrupt Acknowledge” or IACK cycle.

ﬁEPU will read this interrupt vector from the Data Bus,

determine (from the Interrupt Vector data) the

Q ﬁocatlon of the appropriate interrupt service routine, in

The objectives of the Interrupt Service R@«ne Q%@

system memory. Additionally, the Z-Mode gives the user
a hardware approach to prioritize the interrupt requests
among numerous peripheral devices. This phenomenon
is discussed in greater detail in Section C.6.2.2.

When the QUART is operating in the 88 I-Mode, the
QUART will not provide any interrupt vector information to
the CPU, during the IACK cycle. Interrupt Vector
information, or any means to route program control to the
appropriate Interrupt Service Routine, is accomplished
external to the QUART.

The QUART will be in the I-Mode following power up or a
hardware reset. The user must invoke the “Set Z-Mode”
command, in order to command the QUART into the
Z-Mode.

Although the I-Mode has been referred to as the “Intel”
Mode, and the Z-Mode as the “Zilog” Mode; this does not
mean that the user should only operate the QUART in the
Z-Mode when interfacing a Zilog microprocessor, or in the
I-Mode when interfacing to an Intel microprocessor. The
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division between I-Mode and Z-Mode is not necessary
along “corporate” lines. If you are interfacing the QUART
to the following microprocessors/microcontrollers, then
the QUART must operate in the I-Mode.

8051+C

8080+ P

8085+ P

68HC11-C

Z-80¢ P (Interrupt Modes 0 and 1)

However, the QUART should be operating in the Z-Mode
when interfacing the following microprocessors and
microcontrollers.

8088- P

8086° P

80286 - 80486+ Ps
Pentiume P

Z-80¢ P (Interrupt Modes 2)

The next few sections will provide detailed discussions of
QUART/Microprocessor interfacing and interrupt
processing on each of the above-mentioned
microprocessors.  From this discussion, a detailed
description of I-Mode Interrupt processing and Z-Mode
Interrupt processing will emerge.

C.6.2.1 I-Mode Interrupt Servicing

The QUART will be in the I-Mode following power
IC, or a hardware reset. In general, a CPU inte

w

QUART operating in the I-Mode, will functior\ fimws,e
during interrupt servicing.

If the QUART requires interrupt servic m é Cla"
will asserts the -INTR pin to the CPU has
detected the interrupt request, |II e the
location of the appropriate |nt ine, and
will branch program control to e CPU will
accomplish all of this without p n “Interrupt

Acknowledge” signal or having to sollcfbthls information
from the QUART. Once the CPU has eliminated the
cause(s) of the QUART’s interrupt request, the QUART
will then negate its -INTR pin. The CPU will then exit the
“QUART” interrupt service routine and will resume normal
processing.

In general there are two approaches that CPUs
commonly use to locate the appropriate interrupt service
routine, when interfaced with an I-Mode QUART.

® Direct Interrupt Processing
e (External) Vectored-Interrupt Processing
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Direct Interrupt Processing

If a CPU employs “Direct Interrupt Processing” then once
the CPU has detected the interrupt request, and has
completed its current instruction, the CPU will branch
program control to a specific location in system memory.
For CPUs that employ direct interrupts, this “location” is
fixed by the CPU circuitry itself.

For example, ifthe -INTO interrupt request input pin, of the
8051+ C, is asserted, then the CPU will branch program
control to location 00031g in system memory. This
location is fixed (by circuit design of the 8051+ C) and
cannot be changed by the user.

(External) Vectored, ﬂ;errbt Processing

CPUs that emplc.’)svt ‘form of interrupt processing
typically have & t Acknowledge output pin. This

“IACK” or “-INYA” put will be used to gate “interrupt
vector” in s)i onto the Data Bus, via external
(non-Q T) gardware. The term “External” is used to
descri thigvtorm of vectored-interrupt processing;
bec

location of the interrupt service routine is
@ g%rlardware “external” to the QUART. For
%Qme ch as the 8080A and the 8085+ P), this
tor” information is a one byte op-code for a

L |)§ljction to a special “RESTART subroutine”.
%e tion of this “RESTART subroutine” is fixed by
(éwcwt design. If the user employs this approach for
rupt processing, he/she is responsible for insuring
at either the interrupt service routine, or an

unconditional branch instruction (to the interrupt service
routine) resides at this location in memory.

Each of these Interrupt Processing techniques will be
presented in greater detail in the following sections.

In summary, the QUART should be operating in the
I-Mode, when interfaced to the <P/C presented in
Table 4. Table 4 also presents the type of interrupt
processing that is employed by each of these ¢ Ps/« Cs.

Comments on 88 I-Mode Interrupt Service Routines

Operating the QUART in the 88 I-Mode imposes a small
disadvantage in interrupt processing, when compared with
the 68 Mode and 88 Z-Mode. Both the 68 Mode and 88
Z-Mode QUARTs will provide the CPU with the contents of
either IVR1 or IVR2 on the Data bus, during an IACK cycle.
This feature narrows the “search” for the cause(s) of the
interrupt request down to one-half of the QUART. (Recall,
IVR1 is placed on the Data Bus if the cause of the interrupt
request is addressed by the ISR1 register. IVR2 is placed
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on the Data Bus if the cause of the interrupt request is  QUART may have to read both ISRs, during the search of
addressed by the ISR2 register). Hence, the CPU the cause of the interrupt request, as a part of the interrupt
interfaced to an 68 Mode or Z-Mode QUART only has to  service routine. This phenomenon can impose a small
read one of the ISRs as a part of the Interrupt Service  increase the interrupt latency for servicing the I-Mode
Routine. However, the CPU interfaced to an 88 I-Mode = QUART.

*Pe/C Type of Intt_errupt Comments
Processing
8051+ C Direct The 8051+ C has two external Interrupt Request inputs: -INTO and -INT1.
8080AP External Vectored | The 8080A- P will allow the use of up to 8 different op codes for “CALL” instruc-
tions to the Interrupt Service Routines. The 8080A CPU module will output an
interrupt acknowledge output, -INTA, which can be used to “gate” the “CALL”
instructions on to the Data Bus.
8085+ P Direct and External | The 8085+ P has three “Direct” external Interrupt Request inputs: RST 7.5, RST
Vectored 6.5, and RST 5.5. Additionally, this « P has\ﬂys exq0dt same “vector” options as
does the 8080A « P. )
68HC11-C Direct The 68HC11+C has a single “maskaplg{exte@l Interrupt Request input; -IRQ.
Z-80°P External Vectored | The Z-80 CPU uses the exact samba\p 9§h as presented for the 8080A CPU.
(Interrupt Mode 0) {\
Z-80-P Direct Interrupt The Z-80 will branch to 0038 ystQ? memory if the -INT interrupt request pin
is asserted. X
(Interrupt Mode 1) ‘\} AN
A N\

»
Table 4. Summary of « P/ C and Their Type&@lr@ t Processing (I - Mode)
»

The information presented in Table 4 is discussed in \",\ céﬁ rial port
O :
§ (0] it

detail in the following sections. : /O port (PO - P3)
O por e
C.6.2.2 8051 Microcontroller (o) -
* OQ QQ) 16 bit timers

The 8051 family of microcontrollers is manufac & lq ®4k bytes of ROM
Intel and comes with a variety of amenities.\ m

these amenities include: X, *Q ® 128 bytes of RAM
NG
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-INT1
-INTO ————— -T2EX
1
Timer 2 (8032/8052)
Timer 1 r————q r————— Q i__T;weTZ ‘i
Timer 0 | 128 bytes | I I —— T2
—— Serial Port | mraM | ron | | (8032/8052) ™
| |
| (8032/8052) | | OK-8031/8032 | Timer 1 -T1
| 4K - 8051 |
Interrupt Other 128 bytes | 8K-8052 |
Control Registers RAM | | Timer 0 -TO
L J
CPU 2
N
T
QO XN
A\NN(¢)
L&
Oscillator Bus Control 1o P‘fcp &‘b Serial Port
%Q
-
AN\ Y
"‘EI‘" -EA — — ALE 9\ QQ’\ 4©6\
£ - RST L———» _PSEN (} ‘K C,
/l /77 db qu’ 6\7 v Y
o 0 Q 10 P2 P3 -RXD -TXD

Figure 7. Block D{Q# d
Ry

am\9 t&?}OSl Microcontroller

\

OThe 8051+ C consists of 4 8-bit I/O ports. Some of these

P1.0 N N/
P1.1 O)é ‘Qe
P1.2 A X
P1.3 092 ( (\o
P1.4 D3

P15 . AD@

P1.6

P1.7 MO. ﬁ)

ports have alternate functions, as will be discussed below.

Port 0 (P0.0 - P0.7)

This portis a dual-purpose port on pins 32 - 39 of the 8051
IC. In minimal component designs, it is used as a general
purpose /O port. For larger designs with external
memory, it becomes a multiplexed address and data bus
(ADO - AD7).

BlEEIFFIFFIEFIEREC PR

RST D7)
P3.0 (RXD)
P3.1 (TXD) E
P3.2 (-INTO) SEN
P3.3 (-INT1) 2.7 (A15)
P3.4 (T0) 2.6 (A14)
P3.5 (T1) P2.5 (A13)
P3.6 ((WR) P2.4 (A12)
P3.7 (-RD) P2.3 (A1)
XTAL2 P2.2 (A10)
XTAL1 P2.1 (A9)
VSS P2.0 (A8)

Port1 (P1.0-P1.7)

Port 1 is a dedicated 1/O port on pins 1 - 8. The pins,
designated as P1.0, P1.1, P1.2, ..
interfacing as required.
assigned for Port 1 pins; thus they are used solely for

, are available for
No alternative functions are

Figure 8. Pin Out of the 8051 Microcontroller
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interfacing to external devices. Exceptions are the
8032/8052 ICs, which use P1.0 and P1.1 either as I/O
lines or as external inputs to the third timer.
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Port 2 (P2.0 - P2.7) -INTO (P3.2) and -INT1 (P3.3)

Port 2 (Pins 21 - 28) is a dual-purpose port that can -INTO and -INT1 are external interrupt request inputs to
function as general purpose I/O, or as the high byte ofthe  the 8051+ C. Each of these interrupt pins support “direct
address bus for designs with external code memory of interrupt” processing. In this case, the term “direct’
more than 256 bytes of external data memory (A8 - A15).  means that if one of these inputs are asserted, then

program control will automatically branch to a specific
Port 3: (fixed) location in code memory. This location is
determined by the circuit design of the 8051« C IC and
cannot be changed. Table 6 presents the location (in
code memory) that the program control will branch to, if
either of these inputs are asserted.

Port 3 is a dual-purpose porton pins 10 - 17. In addition to
functioning as general purpose I/O, these pins have
multiple functions. Each of these pins have an alternate
purpose, as listed in Table 5, below:

Bit Name Alternate Function Interrupt v Location
P30 | RXD |Receive Data for Serial Port -INTO \*s\\ & 0003H
P3.1 | TXD |TransmitData for Serial Port INT1 Y W& 0013H
Y 6\,
Pa.2 JINTO | External Interrupt O Table 6 [ rrt!@Serwce Routine Locations (in
P3.3 -INT1 | External Interrupt 1 @nory) for -INTO and -INT1
P3.4 TO Timer/Counter 0 External Input
P3.5 T Timer/Counter 1 External Input Ther: f@ user is using either one of these inputs as
P3.6 -WR | External Data Memory Write Strobe ar@rru equest input, then the user must insure that
P3.7 | -RD [External Data Memory Read Strobe th e interrupt service routine or  an
'o&)ranch instruction (to the interrupt service
Table 5. Alternate Functions of Port 3 Pins (}'ro ) cated at one of these address locations.
%th 51 C is required to interface to external
The 8051 also has numerous additional pins which @nents in the data memory space of sizes greater
relevant to interfacing to the XR82C684 QUART o I\ 256 bytes, then both Ports 0 and Port 2 must be used
peripherals. These pins are: $Y 0 the address and data lines. Port 0 will function as a
\0 Q Ormultiplexed address/data bus. During the first half of a
ALE - Address Latch Enable \ \Q @ memory cycle, Port 0 will operate as the lower address
If Port 0 is used in its alternate mode - as ? byte. During the sec_on_d hglf of the memory cycle P_ort 0
the lower byte of the address bus -- A at will operate as the bi-directional data bus. Port 2 will be
latches the address into an externa?jﬁ dusing the used as the upper address byte. .ALE and the use of a
first half of a memory cycle. Once B)iS' Port 0 74LS373 transparent latch device can be used to

lines are then available for dat uring the demultiplex the Address and Data bus signals.
second half of the memory cycle W ata transfer ~ Figure 9 is a schematic illustrating how the XR82C684

takes place. QUART can be interfaced to the 8051+ C.

ANV SV S SEA TOM

32



Z2 EXAR

XR82C684

A A LA

-INTO -INTR
-RD -RD
-WR -WR
PORT 0
(ADO - AD7) Do -D7
AO - Ad
D Q AO - Ad
ALE G
74HC373 ‘6\6 216
A5 - A7 WS &
O L\
6\ ‘bO
PORT 2 Address | CS
(A8 - A15) Decoding
Logic
XR82C684
8051 CPU ‘Q (88 Mode)
\Qother ICs

Figure 9. An Approach to Interfacing {0 X@%Q@ QUART to the 8051 Microcontroller

The circuitry presented Figure 9 would function @%o@ S croprocessor that requires 5V, 5V, and 12V power
Su

during a QUART requested interrupt. The Q
requests an interrupt from the CPU by asseég
low -INTR output pin. This will cause the -

the CPU to go low. When this happens

finish executing its current instru

ﬁp. t
&m

branch program control to the Q% r@rru% ervice
routine. Inthe case of Figure 5, 's-INTR
pin is tied to the -INTO pin of the eglnnlng of
the interrupt service routine will be @j in 0003H in

code memory. The 8051 CPU does not iSsue an Interrupt
Acknowledge signal back to the QUART. It will just begin
processing through the QUART’s interrupt service
routine. Once the CPU has eliminated the cause(s) of the
interrupt request, the QUART’s -INTR pin will be negated
(go “high”) and the CPU will return from the interrupt
service routine and resume normal operation.

C.6.2.3 8080A Microprocessor

The 8080A Microprocessor is one of the earlier version of
the Intel processors. In general, it is an 8-bit

ANV SV S SEA

pplies. Additionally, this microprocessor requires two
other chips, in order to create a “complete” CPU module.
Typically, these devices would be the 8224 Clock
Generator and the 8228 System Controller. The 8224
Clock Generator is responsible for conditioning and
generating the necessary timing source for the 8080A
CPU, from a external crystal. The 8228 System
Controller is responsible for buffering the bi-directional
Data Bus. Additionally, since the 8080 CPU device does
not directly provide control bus signals, the 8228 Device is
responsible for translating signaling information, from the
8080A device, into the following Control Bus signals; in
order to access memory and peripheral devices.

-INTA - Interrupt Acknowledge
-MEMR - Memory Read
-MEMW - Memory Write
-IOR
-IOW - Output Port Write

- Input Port Read

™
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Figure 10 presents a schematic of the 8080A CPU
Module.

GND — >
8080A CPU
5V —— >
-5y ——————>
oy — AO - A15
—| HOLD
DBIN
I:I <«— INTE
HDLA
TANK —> 1
DO
0SC <-— 8224 D1 D0 |[e—>
PHI2 (TTL) <— Clock 2 K 68228 bt <>
Generator WAIT D2 Q D2 je—>
RDYIN —* D3 System
Controller p3 je——
-RESIN —=Q READY D4 8
12—
RESET DGR — DS = >
5V — § \Y D6 je—>
GND —> \ :#: D7 |[e———>
SYNC
\' ‘\ INTA
Q‘ G
Q Q MEMR
-Status Stro MEMW
\9\ ‘% ) IOR
* K low p——

» &

O

Figure 10. smdnoan@ g@%’A CPU Module

8080A CPU Module Interrupt Structure

&

The “Interrupt Structure” of the 8080A C d b
below. The 8080A CPU device consust§

INTE and INT. Additionally, the 82 us
consists of a single output signal, & NT the
active-high Interrupt Enable outgjt is the
active-high Interrupt Reque “Enable

Interrupt” command has been i & NTE output
will be “high” indicating that the 808 O%U will honor
interrupt requests from peripherals. Whenever the INT
pin is asserted by a peripheral device requesting an
interrupt, the CPU will complete its current instruction.
After completion of this instruction, the CPU module will
assert -INTA via the 8228 Bi-Directional Bus Driver (U2)
by toggling -INTA “low”. -INTA is the active-low “Interrupt
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cknowledge” signal that the CPU module outputs in

@ order to initiate the process of interrupt servicing. The

8080A CPU module only supports “external”’
vectored-interrupt processing. Hence, when -INTA is
asserted, the CPU module is awaiting “vector’
information on the Data bus. In the case of the 8080A
CPU Module, this “vector” information is typically the
op-code for one of the RESTART instructions (RST). The
8080A CPU supports up to eight different RST
instructions (RST 0 through RST 7). These instructions
are one-byte calls to specific locations within the CPU’s
memory space, where the appropriate interrupt service
routine exists. Table 7 presents a list of these RESTART
instructions, the op-codes, and the corresponding
RESTART address.

™
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_ Restart Address servicing. Other circuitry (such as the 8224 Clock
Op-Code (hex) Mnemonic (hex) Generator, the Address Bus, etc.) have been omitted from
Cc7 RST O 0000 the schematic. In this schematic, the QUART Interrupt
CF RST 1 0008 Service Routine is located at 0020, in memory.
Additionally, the QUART has been configured to operate
D7 RST 2 0010 in the I-Mode. The function description of this circuit is

DF RST 3 0018 presented below.
E7 RST 4 0020 The XR82C684 will request an interrupt to the 8080A
EF RSTS5 0028 CPU, by toggling its -INTR output “low”. This signal is
F7 RST6 0030 inverted and applied to the active-high INT input of the
FF RST 7 0038 CPU. Once the 8080A CPU has completed its current
Table 7. 8080A and 8085 CPU Restart Instructions instruction, it will assert the active-low -INTA signal (from
Used with Vectored Interrupts the 8228 Bi-Directional Bus Driver). At this time, both the

Therefore, once the CPU receives the op-code for one of
these RESTART instructions, it will begin executing this

instruction by loading the Program Counter will the

appropriate “Restart Address”. Afterwards, program  Output of th? % will also be at a logic "low’, and
control will be branched to the “Restart Address” location. thereby asg % th of the Output Enable_ (?E) .|np:1ts
For example, if the op-code “E71¢” is loaded onto the Data ofthe S. ﬁ Data Bus buffer (U3). This "ORing” of

-INTR signal (from the L&RT ) and the -INTA signal
(from the 8228) ar&n% logic “low”. The -INTR and
-INTA signals are Uted to a two-input OR gate.
Hence, when and -INTA are at logic “low”, the

Bus during the -INTA cycle, this op-code corresponds with e -IN Wi TA signalsis used to insure that only the
the “RST 4” command and, the CPU will load 0020+¢ into pen al Ice requestmg the |nte.rrupt is the one that
the Program Counter and program control will branchto '€ eos ervice (e.g., responsive to the asserted
that location in memory (see Table 7). a%_ nce both -OE inputs of U3 are asserted,
a lied at the input of this device (U3) will now
Interfacing the 8080 CPU Module to the XR82C684 he output O_f this device, and at the D7_ ) D_O
QUART for Interrupt Processing e 8228 device (U2). Please note that, in this

e, the value “E7;4" is hard-wired into the input of
The 8080A CPU can be connected to the XRszcsggand\o (4) hIS value is the op-code for the “RST 4” command.
run in the Interrupt Driven mode. Figure 11 pr nce, once this data is gated into the CPU module, via
approach that can be applied to mterf e Othe data bus, the CPU will load 002044 into its Program
XR82C684 QUART to the 8080A CPU % %@ Counter and branch program control to that location. The
vectored interrupt processing. Please n at I Interrupt Service Routine for the QUART exists at this
only includes information pertaining to |nt pt location in memory.

Q o2 &qﬁ
.(0 6\(@
>
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Ut U4
Vce
INTE |—s us %
INT 94 é ANTR
us
8080A CPU
Ua Vee XR82C684
DBIN % QUART
U2 -OE1 -OE2 p:
DO DOO  DIO
D1 DO1 DI
D2 8228 DO2 DI2 19 e‘b
3
D3 Bi-directional DO3 D3 E \
D4 Bus Driver DO4 DI4.|°—
D5 DO5 DI§ |
DO6
D >
D‘j DO7
o 3
TALS2X4
INTA P - l&,
NIRN rg\
@ ¥

Figure 11. Circuit Schematic depicting approach ter@ IHQXRBZC684 QUART to the 8080A CPU, for
“External” Vectored Interrupt Processing ( &ce Routine resides at 0020 in Memory)

e advancements that were made in the transition
‘irom the 8080A to the 8085 include combining the Clock
ed® Generator functions of the 8224 onto the CPU chip,
adding a non-maskable interrupt request, adding 3
“direct” interrupt request input pins, and adding some
form of interrupt priority. The 8085 still requires some glue

Since the 8080A CPU can support up to 8 differ
instructions, it can support up to 8 §Iﬁe|@nt
interrupt-driven peripheral devices. This can \g
by replicating the approach, presented in
by hardwiring the op-codes for each o

instructions to the inputs of the Data B ‘@e TaQe 7
These Data Buffers should be e &d g the
-INTA cycle, and only when th tegderipheral
requested the interrupt servic 6@ b

C.6.2.4 8085 Microprocessor ‘b

The 8085 CPU is another early Intel microprocessor,
although it is more advanced than the 8080A CPU. Some

ANV SV S SEA

logic in order to produce the Control Bus signals (i.e.,
-IOR, -IOW, -MEMR, -MEMW). Further, in order to
minimize pin count, the 8085 contains a multiplexed
Address/Data Bus (ADO - AD7). Specifically, the lower 8
bits of the Address Bus share pins with the 8 bit Data Bus.
Hence, a 74LS373 8-bit latch is needed in order to
demultiplex the Address and Data buses.

™
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Figure 12 presents a schematic of the 8085 CPU Module.

X1

X2

TRAP
RST 7.5
RST 6.5
RST 5.5
INTR
-INTA

Lo

ADO
AD1
AD2
AD3
AD4
AD5
AD6
AD7

ALE

A8

A9

A10
A1
A12
A13
A14
A15

-IO/M

-RD

-WR

XR82C684

1D 1Q —»>

2D 2Q b——»>

3D 3Q b—»

4D 4Q —>

5D 5Q +—>

6D 6Q

7D 7Q —6>

8D 8Q -49—*\S§3
c C‘ Q§>

74LS373\§ ’ &

¥

Wy

8085 CPU
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ADO - AD7 DO - D7
AO - A4
1D - 8D AO - A4
N X1
0] 1Q-8Q A5 - A7 CS QUART | s
T ALE C
— ™ TRAP 745373
——> RST75 A8 - A15
— RST65 Address
—» RST55 Decoder
—— INTR
~— -INTA “RD
A8 - Al5 -WR
-I0/M
RD XR82C684
WA | -CS OTHER IO
8085 CPU $ \ é

\QO

Figure 13. Schematic of the XR82K&4&1@H

Figure 13 illustrates an approach to l@g @g 9

XR82C684 QUART to the 8085 CPU
the XR82C684 QUART, in this case,
ftl@é oduIe

(e.g., the signals -MEMR and -ME

are connected to the -RD and UART)
However, the user could have just a |I nnected the
XR82C684 device to the CPU module’ port (e.g, the

signal -IOR and -IOW of the CPU module are connected
to the -RD and -WR pins of the QUART, respectively).

The QUART’s -INTR pin was deliberately omitted from

this figure, because its use will be addressed in the next
two figures.
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a¥'to the 8085 CPU Module (Memory Mapped)

8085 CPU Module Interrupt Structure

The 8085 CPU supports both Direct and “External”
Vectored Interrupt processing. The 8085 has 4 maskable
interrupt request inputs (RST 5.5, RST 6.5, RTS 7.5, and
INTR), and 1 non-maskable interrupt request input (TRAP).
When discussing interfacing for the interrupt servicing of
peripheral devices such as the QUART, we are only
concerned with the maskable interrupt request inputs. Of
the four maskable interrupt request inputs; three of these
inputs support “Direct Interrupt” processing. The remaining
one interrupt request supports “External Vectored Interrupt”
processing. Table 8 lists these Interrupt Request inputs and
their characteristics and features.

™
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Input . I Acknowledge | Address
Name Trigger Priority Type Signal? (Hex)
RST 7.5 | Positive Edge 2 Direct None 003C
Triggered
RST 6.5 | High Level 3 Direct None 0034
until sampled
RST 5.5 | High Level 4 Direct None 002C
until sampled
INTR [ High Level 5 External | -INTA = “Low” See
until sampled Vectored Table 7

Table 8. 8085 CPU Maskable Interrupt Request Inputs and their Features

Direct Interrupts The 8085 CPU offers mterrupt prioritization, within the set

i of Maskable Interr |s priority is reflected in
Th_e 8085 CPU inputs RST_7.5, RST 6.5, _a.nd RST 55are  ape s It should hat these priority levels only
“Direct Interrupt” request inputs. Specifically, if any of apply to * pendl t request. Once a particular
these inputs are asserted, then the program counter of interrupt has e e @ ue” and is being serviced by the
the CPU is, upon completion of the current instruction, CPU, this priédtiz @1 scheme no longer applies to that

automatically ~ loaded with @ memory location iy iar 8 Consequently, it is possible that an
(pre-determined by the circuitry within the 8085 device), RST 5 Q request could “interrupt” the interrupt
and branches program control to that location. These SrVi ut for the higher priority RST 7.5 interrupt

“Direct” interrupts do not provide the peripheral device . erefore the user must guard against this
with any sort of “Interrupt Acknowledge”. Hence, $ his/her firmware.

according to Table 8, if the RST 7.5 input were asserted,

the value “003C+g” would be loaded into the program \,9 & indicates that the 8085 CPU will support
counter of the CPU, and program control would branch O rn vectored interrupts. The manner and
that location in memory. The user is responsible to insu s that are used in external vectored interrupt

that the correct interrupt service routine begins ai(ﬂal\o r sing are identical to that presented for the 8080
location in memory. (see Section C.6.2.3).

™
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RST 65 34

ADO - AD7

Q
ALE

A7 - A5
7418373
Y

A15 - A8

I0/-M p—9

-RD P

-WR P

8085 CPU

Address
Decoding ﬂ
Logic

-INTR

DO - D7
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Figure 14. The XR82C68 5
(Interrupt Servic%qu

Figure 14 and Figure 15 preself
approaches that can be used to inteQ e

QUART to the 8085 CPU. @
N

¢
&
R

O

tigje
\r& X

X
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XR82C684

QQrface for Direct Interrupt Processing
iw ated at 0034 in system memory)

th,Q dngent Figure 14 presents a schematic where the QUART will
684  request a “Direct” RST 6.5 Interrupt to the 8085 CPU. In

> this case, the Interrupt Service Routine for the QUART
must begin at 00344g in system memory. This is a very

simple interface technique, because there is no “Interrupt
Acknowledge” signal to route and interface.

TOM
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XR82C684

U1 Vce U4
- %

INTR °<} o -INTR

ue
-INTA Vee

U3 %
“OET -OE2
D
ADO - D? DOO  DIO
AD1 ~—,|PO1 DIt
AD2 ~—5 |02 DR
AD3 ~—, |DbO3 D3
AD4 - DO4  DI4
AD5 51005  DIs
__De 2 /6
AD6 o, | D06 DISNSY—%,@&
AD7 - DO7 DI
ALE
XR82C684
8085 CPU

Figure 15. The XRSZC@S CROvInterface for Vectored Interrupt Processing
(Interrupt Ser\{Q & e@ Located at 0020, in System Memory)

Figure 15 presents a schemat &s& %bh @ART will
request a “External-Vectored” rr 085 CPU.
In this case, the Interrupt Service R @r the QUART
must begin at 00204g in system memo

C.6.2.5 68HC11 Microcontroller

Motorola manufactures a family of microcontrollers,
referred to as the MC68HC11 microcontrollers. This
family of microcontrollers offers some of the following
amenities:
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5 Multi-Function Parallel Ports

ROM or EPROM
RAM
A/D Converter

TOM
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MODA MODB XTAL EXTAL E -IRQ -XIRQ -RESET
A A A A
Oscillator Interrupt
Mode Control Logic
Clock Logic
RAM 256 Bytes
CPU Core
Timer
System VRH
"9 6 VRL
Bus Expansion Address/Data
Address
A/D Converter
Strobe and Handshake Parallel I/O
4 8 ) Q
6%ontrol
Port A Port B )" PortD Port E
\ A A
YYyYVYYY YYVYYYYVYYYY "4 YYYYVYYYVYYY

Figure 16. Block Di@r

\

X
Figure 16 is the block diagram of the MC6 11&
X

The 68HC11 can be configured to opgsate j ‘ﬁgle
Chip” Mode or in an “Expanded Multi e s’ e. If
a device is configured to operatgyi thé'Si Chip”
mode, the entire 64K bytes of A SS ce@nternal to
the « CIC. Please note that this e§&yt n that there
is 64K bytes of memory, or other a dr?able portions
within the device. A 68HC11 MCU confiured for “Single
Chip” mode operation cannot address any components
external to the MCU. Therefore, if a user desired to
interface the QUART to this ¢ C, then the « C must operate
in the “Expanded-Multiplexed” mode. The MC68HC11 is
configured into the Expanded Multiplexed mode by tying
both the MODA and MODB pin to Vcc, and then resetting
the device.

The MC68HC11 consists of 5 different multi-function
parallel ports. Each of these ports are briefly discussed
below.
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Q
N

: Q
Q th(@lCGBHCll Microcontroller
(o)

Port A

Port A consists of 3 input pins, 4 output pins and 1
bi-directional pin. This port is used to support the Timer
System. One of the input pins can be used for the Pulse
Accumulator. Three of the input pins support input
capture functions; and four of the output pins support
output compare functions.

Port B

Port B consists of 8 output pins. If the 68HC11 «C is
operating in the single chip mode, this port functions as a
general purpose output port. However, if the 68HC11 is
operating in the expanded-multiplexed mode, then this
port will function as the upper address byte for
memory/peripheral device interfacing (A8 - A15).

Port C

Port C consists of 8 bi-directional pins. When the 68HC11
is operating in the single-chip mode, this port functions as

TOM
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a general purpose bi-directional port. However, if the  the appropriate interrupt service routine resides at this
68HC11 is operating in the expanded-multiplexed mode location in memory.

then this port will function as the multiplexed address/data

bus (ADO - AD7). Specifically, during the first half of a ~ AS/STRA

memory cycle, this port will function as the lower address
byte (Port B is the upper address byte) for addressing
memory devices and peripheral components. During the
second half of the memory cycle, this port will function as
the bi-directional data bus. This port can be
demultiplexed via the use of the AS (Address Strobe) pin ~ If the 68HC11 is intended to operate in the

AS or “Address Strobe” can be used to demultiplex the
address/data bus of Port C. This pin is at a logic “high”
during the first half of a memory cycle; and at a logic “low”
during the second half of a memory cycle.

and a 74LS373 latch device. expanded-multiplexed mode and interface to more than
256 bytes of addressable memory space, then both Ports
Port D B and C are required as shown in Figure 17. Figure 17

also illustrates how the XR820684 QUART could be

Port D consists of 8 bi-directional pins. However, this port ~ connected to  the '@HC C for interrupt driven
can be configured to support the on-chip Serial Peripheral ~ OPeration. Ifthe % T uests an interrupt, its active

Interface (SPI), and Serial Communications Interface (SCI).  1©W -INTR pin W& rted (toggle low), which will, in
turn, cause th Q&u ofthe CPU to be asserted. When
|

this occurs | continue executing its current
Port E instructio mpletion of this instruction, program
control‘ to location FFF2, FFF3 in system

user is responsible to insure that the

Port E consists of either 4 or 8 inputs (depending upon the mem@‘
errupt service routine resides at this location

packaging option). This port can be configured to function

as a general purpose input or as the inputs to the on-chip The «C will not issue an interrupt
A/D converter. (Q%@nal to the QUART. Instead, the + C will
There are numerous other pins that are pertinent for (>1u es through the interrupt service routine.
interfacing to the XR82C684 QUART device. Some C has eliminated the cause(s) of the QUART’s
these pins are discussed below. (e) request, the -INTR pin will be negated and the « C

é turn from the Interrupt Service Routine and resume
-IRQ * (o) mal processing.

Q Qbne more point should be mentioned about Figure 17.
This is the “maskable” interrupt requestmp \m% W The glue-logic circuitry required to generate the -WR,
is asserted (e.g., toggled “low”), then th Cs@ -RD, and the RESET signals for the QUART, from the
@ -R/W, -RESET, and E clock presented in Figure 3. This
foﬁ hat circuitry has also been included in Figure 18.
S &

]

N

branch program control to FFF2, FFF3
(on-chip ROM). The user is responﬁle
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5V —> to other ICs
E
MODA -RW b
R Address
mopg A8-A1S Decoder [ -CS
o -RD
- WR
IRQ -INTR
A5 - A7
AS G
Q .
D A0-A4 o ao-A4
& d
74HC373 ?\ &0
. LY
ADO - AD7 b“Q— '§) D7
QQ
68HC11 O ‘b(\ XR82C684

Figure 17. XR82C684/MC68HC11 Micro

AW

Q WR
& o &
E clock ‘Q o\ 60
\o ‘\ o } -RD
NG
RS

-RESET %%
NN

RESET

Figure 18. Glue Logic Cir@gy’i@q@ to Interface the MC68HC11 « C to the XR82C684 QUART

N
C.6.2.6 Z-80 CPU 6 Qb

The Z-80 CPU can be interfaced to a QUART operating in
the I-Mode, if it (the CPU) is operating in Interrupt Modes 0
or 1. However, for the sake of “processor continuity”, the
details associated with the Z-80 CPU will be presented in
Section C.6.2.1.

C.6.3 Z-Mode Interrupt Servicing

The QUART will be operating in the I-Mode following
power up or a hardware reset of the IC. The user must
invoke the “Set Z-Mode” command (see Table 2), in order

ANV SV S SEA

to configure the QUART into the Z-Mode. In general, a
CPU interfacing to a QUART (operating in the Z-Mode)
will function as follows during interrupt servicing.

Ifthe QUART requests interrupt servicing from the CPU, it
will assert the -INTR pin (e.g., toggle “low”). Once the
CPU has detected the interrupt request, it will issue an
IACK (Interrupt Acknowledge) signal back to the QUART.
When the CPU sends the IACK signal to the QUART itis
informing the QUART that its interrupt request is about to
be served. When the QUART has received (or detected)
the IACK signal, it will, in response, place the contents of
one of the Interrupt Vector Registers (IVR1 or IVR2) on

TOM
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the Data Bus. The CPU will read this “interrupt vector”
information; and determine the following two things
(based on the “interrupt vector” information).

location of the interrupt service routine.

Another characteristic of Z-Mode operation is that it allows
the user to prioritize the interrupt requests from numerous
peripheral devices, via hardware means. Let us suppose
that we have several QUART devices; and that each of
these devices have been configured to operate in the
Z-Mode. The user could prioritize the Interrupt Request of
each of these devices by connecting these devices in a
“daisy-chain” manner as presented in Figure 19.

® The source of the interrupt request (e.g., which
peripheral needs service).

® The appropriate location of the Interrupt Service
Routine.

Afterwards, program-control will be branched to the

Vee
ANT
JINTR -INTR -INTR
cPU Voo IEI IEO > El IEO IEI IEO
JIACK JIACK & . JIACK
JIACK l \
> LOWEST

HIGHEST
0 PRIORITY

Figure 19. A Diagram of Numerous QUARTSs ¢ 6‘9 a@d @nn Interrupt Daisy Chain (for Z-Mode Operation)

In addition to the -INTR and -IACK pins, th &monty device. This output pin is “high” if all of the

ee?
et

QUART also uses the IEI and IEO pins; whic

as follows:

b° W0 °~C°
IEI - Interrupt Enable Input
This active-high input is only ava@? RT is
configured to operate in the Z utis ata
logic “high” then all unmasked int ptéuests, from
this QUART, are enabled. >

Note: those interrupts which have been masked out by
the IMR are still disabled. However, if this input is at a
logic “low”, then all interrupts (whether masked or
unmasked) are disabled. Hence, IEI can act to globally
disable all QUART interrupt requests.

IEO - Interrupt Enable Output

This active-high output is only available if the QUART is
configured to operate in the Z-Mode. This output is
typically connected to the IEl input of another (lower

ANV SV S SEA

ede foIIowmg conditions are true.

® The device’s IEl input pin is at a logic “high”

® The device is not currently requesting interrupt ser-
vice from the CPU

If any of these conditions are false, then the IEO pin will be
at a logic “low”.
Note: Once the IEO pin has toggled “low”, and the CPU
has acknowledged the interrupt request and has
completed the interrupt service routine, the IEO pin will
remain “low” until the user invokes the “RESET IUS”
command (see Table 2). Therefore, if the QUART is
going to operate in the Z-Mode, the user must include the
“RESET IUS” Command at the very end of the QUART
interrupt service routine.

System Level Application of the IElI and IEO pins

Figure 19 depicts a series of QUARTs connected in a
“daisy-chain” fashion. In this figure, the left-most QUART
has the highest interrupt priority. This is because this

TOM
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QUART'’s IEl input is hardwired to Vcc. Therefore, the
unmasked interrupt requests, from this QUART are
always enabled. The QUART device, located just to the
right of the “highest interrupt priority” device is of a lower
interrupt priority. This is because the IEl input of this lower
priority device is connected to the IEO output of the
highest priority QUART. Whenever the “highest priority”
device requests an interrupt, its IEO output will toggle
“low”. This will in turn, disable the “lower priority” device
from issuing any interrupt requests to the CPU. This
“lower priority” QUART will be prohibited from issuing

-NTR —\

interrupts until the IEO pin of the “highest priority” QUART
has toggled “high”.

Referring, once again, to Figure 19, the further to the right
a QUART device is, the lower its interrupt priority. The
right most QUART has the lowest-interrupt priority
because its “interrupt request” capability can be disabled
by the actions of any one of the QUARTS to the left.

Figure 20 presents a timing diagram depicting the
sequence of events that will occur during and following an
Interrupt Request from the QUART.

-IACK
\

¥

-RD \

R\
RN
O «°

DO - D7 Float

X Not valid Float

®,

\_f\

IEI

IEO & Q%\
‘é P o% N

a°qe>

Reset IUS
Command

Figure 20. Timing Diagram IIIustrat% h Geq#nce of Events occurring between the

QUART and the CPU during a( e@pt

\.
Additional Notes About Z-Mode Operati é

Y

poﬁeiz@ s@:::
IACK)

Z-Mode operation is supported by al
components. All Zilog peripheral c
Interrupt Vector Register, Interrupw
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uest/Acknowledge and Servicing

input, IEl input, and an IEO output. Therefore, Figure 20
could have easily included some of these Zilog peripheral
components, in addition to or in lieu of the QUARTSs.

™
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As mentioned earlier, Z-Mode operation is recommended
if the QUART is to be interfaced to the following
processors.

® Z-80 Microprocessor (Interrupt Mode 2)

8088+ P
8086 P
80286 - 80586+ P

Please note that it is possible to interface the 80X86
Family of microprocessors to an I|-Mode QUART,
however, additional components and design complexity
would be required in order to accomplish this. The
technique/approaches to interfacing the Z-Mode QUART
to these microprocessors is presented in detail, in the
following sections.

C.6.3.1 Z-80 Microprocessor

The Z-80+ P consists of an 8 bit Data Bus, a 16 bit Address
Bus and numerous control pins. The Z-80+P is a very
flexible processor which can actually interface to either a
Z-Mode or an I-Mode QUART device. This is because the

The Z-80 CPU will support Read/Write operations
between memory and 1/0. The Z-80 does require some
additional glue logic in order to interface directly to
memory and peripheral devices. For instance, the Z-80
CPU device does not come with the control bus signals:
-MEMR (Memory Read), -MEMW (Memory Write), -IOR
(/O Port Read), -IOW (I/O Port Write) or -IACK/-INTA
(Interrupt Acknowledge) pins. Each of these functions
can be derived from the -RD, -WR, -IORQ, -MREQ and
-M1 pins. Figure 22 presents a schematic of the Z-80
CPU Module, which shows how once can extract the
control bus signals from these CPU control pins.

®,

o O
ETLONRN

—> SV\Q @15 >
Clock &‘b
nput ' Do-D7[= >

2

%

(S

Z-80+P can be configured to operate in one of three & &-@NT WR _D-> MEMW
different “interrupt modes”. The Z-80 is also a little bit less 9\ ‘QQ_% BUSRQ )
) . - -RD
complicated to interface to (than some of the «P/Cs (}' < @_ HALT  MREQ —D> “MEMR
previously mentioned) because its address and data b QQI _RESH D’* -IoOW
are not multiplexed. Figure 21 presents a schemati N\ Q)bi BUSAK -IORQ ::}_> oR
the pin out of the Z-80¢ P. Q& © 6Q} M1 _l ' = ]
{Y0 g -INTA
A1 [ 2] A10 o O
Al12 IZ EI A9 c}\ *0 00 —® .RESET
A13 [3] [38] A8
A14 [4 [57] A7 ) \:b \:Q Figure 22. Schematic of Z-80 CPU Module
A15 [5] B A@ o 0
PHI [&] o Q
Bg % Z-80 CPU Interrupt Servicing Capability
BZ % d The Z-80 CPU contains two interrupt request pins: -NMI
Vee [T] and -INT. -NMl is the “Non-Maskable” interrupt request
D2 [iz] input pin; and -INT is the “Maskable” interrupt request
D7 [i3] input pin. For the sake of interfacing to the QUART, we
B? % are only concerned with the -INT pin.
15
-INT [ie | The Z-80 CPU can be configured to operate in one of
-NMI [i7] three different interrupt modes:
HALT fe] e External Vectored
‘MREQ [ig] ernal Vectore
o’

-IORQ fo

Z80 CPU

Figure 21 Pin Out of the Z80 CPU Device
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e Direct
® “Peripheral”’ Vectored

Each of these interrupt modes use the -INT pin of the Z-80
CPU and will be discussed in the following sections.
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External Vectored Interrupt Processing (Interrupt
Mode 0)

The Z-80 « P will operate in this interrupt mode if the “IM 0”
instruction has been executed. Whenever the -INT pin is
asserted by a peripheral device requesting an interrupt,
the CPU will complete its current instruction. After
completion of this instruction, the CPU module will assert
-INTA (toggle “low”). -INTA is the active-low “Interrupt
Acknowledge” signal that the CPU module outputs in
order to initiate the process of interrupt servicing. When
the Z-80 CPU operates in the Interrupt Mode 0, it is
awaiting “vector information” on the Data Bus, following
the assertion of -INTA. In this case (for this interrupt
mode), this “vector” information is the op-code for one of
the RESTART instructions (RST). The Z-80 CPU
supports up to eight different RST instructions (RSTO -
RST38H). These instructions are one-byte calls to
specific locations within the CPU’s memory space, where
the appropriate Interrupt service routine resides. Table 9
presents a list of these RESTART instructions, the
op-codes and the corresponding RESTART addresses.

Op-Code (hex) Mnemonic AddF::;aE;ex)
C7 RSTO 0000 8
CF RST 08 0008 @O
D7 RST 101 0010 é
DF RST 18 ogw (\0
E7 RST 20H QU ‘@
EF RST 28H 0‘002@ \"CQ'
F7 RST 30H 6 0 (o)
FF RST 38H ﬁ ﬁo
Table 9. Z-80 CPU Resta@l

Used with Vectored IWQ g 0)

Therefore, once the CPU receives the cfbcode for one of
these RESTART instructions, it will begin executing this
instruction by loading the Program Counter with the
appropriate “Restart” Address. Afterwards, program
control will be branched to the “Restart Address” location.
For example, if the op-code E74¢ is loaded onto the Data
Bus during the -INTA cycle, this op-code corresponds with
the RST 20H instruction and, the CPU will load 00201¢
into the program counter and program control with branch
to that location in memory (see Table 9.). The user is
responsible for insuring that the interrupt service routine
begins at this location in memory.

ANV S LSS
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An example of a circuit realizing this form of interrupt
processing, while interfacing to the QUART, is presented
in Section C.6.2.3. This section discusses interfacing the
QUART to the 8080A CPU Module. This exact same
approach could be used with the Z-80 CPU, provide that
the QUART is operating in the I-Mode and that the Z-80 is
operating in Interrupt Mode 0.

Direct Interrupt Processing (Interrupt Mode 1)

The Z-80+ P will operate in this interrupt mode if the “IM 1”
instruction has been executed. Whenever the -INT pin is
asserted by a peripheral device requesting an interrupt,
the CPU will complete its current instruction. Afterwards,
the program counter will automatically be loaded with a

memory location (pr Qetervned by the circuit design of
the Z-80 CPU @e) @d program control will be
branched to that t&@system memory. In this case,
program cont o’&oul ranch to 00384g in memory. The
user is resp@si for insuring that the appropriate
interrupt IC utine is at that particular location in
memor hek*80 CPU module does not provide the
perip?& @vice with any sort of “Interrupt
A(‘:gwle@e The CPU just processes through the

ru Routine, eliminates the cause(s) of the

&st and returns to normal operation.

Tha@’SO P will operate in this interrupt mode if the “IM 2”

Vectored Interrupt Processing (Interrupt
uction has been executed. This interrupt “mode” i

OV ry useful if the user wishes to connect the mterrupt

request outputs of several peripherals to the one -INT
input of the Z-80 CPU. This interrupt mode allows the
interrupting device to identify itself at a certain time, just
prior to interrupt servicing.

Whenever the -INT pin is asserted by a peripheral device
requesting an interrupt, the CPU will continue to complete
its current instruction. Once this current instruction is
completed, the CPU Module will assert the -INTA signal to
inform the peripheral device that interrupt service is about
to begin. Once the interrupting peripheral device has
detected the -INTA pulse, it will place an “interrupt vector”
on the Data Bus. This interrupt vector will be read by the
CPU and the CPU will branch program control to the
location (referred to by the interrupt vector). Please note
that if the IEI input to the QUART (or Zilog peripheral
device) is “low” then the QUART (or Zilog peripheral
device) will be disabled from generating any interrupt
requests to the CPU.

An example of this approach is presented below in
Figure 23. In this case the XR82C684 QUART is

TEM
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configured to operate in the Z-Mode and is interfaced to the
Z-80 CPU. When the QUART requires interrupt servicing,
it will assert its -INTR output. This action will, in turn, cause
the -INT input of the CPU to be asserted. Once the CPU
has completed its current instruction, the CPU Module will
assert the -INTA signal. This will in turn assert the -IACK
(Interrupt Acknowledge) input to the QUART. The purpose
of the asserted -IACK signal is to inform the QUART that

the very next cycle will be an “IACK’ or “Interrupt
Acknowledge” cycle. QUART, in response to the -IACK
signal, will place the contents of one of the Interrupt Vector
Registers (IVR1 or IVR2) on the Data Bus. This data will be
read by the CPU, and program control will be branched to
the appropriate interrupt service routine. In the case of the
Z-80 CPU, this location is a 16 bit address which is
determined from the following table.

Most Significant Byte

Least Significant Byte

15 14 13 12 11 10 9 8 7

Bit Bit Bit | Bit Bit Bit Bit Bit | Bit

Bit | Bit | Bit | Bit | Bit | Bit | Bit
6 5 4 3 2 1 0

Contents of the | Register (within the CPU)

The 7 Most Significant Bits within the Interrupt [ 0
Vector Registers of the QUARD &

\J
Table 10. The Relationship Between the Contents of the Interrupt Vé&Jr Qgisters (of the QUART)

and the Location of the Interrupt Service Routi@(z

Note: The LSB of the IVR is always set to “0” once read by the CPU. Interrup, rvi

CPU)

>

outines must begin at even addresses.

Additionally, the user must be aware of the contents that he/she Ioa@t& | Register of the CPU, during run time.

o

Wﬂhigher — Bl
ri ipheral
Addr (9\ %@ N
AO - A15 De r @ wer priority «—— |EQ
iNditr \ peripheral
‘6 CS_QUART
-CS
A3 AO - A4
\J o' 0
DO - D7 '—é—\—v@ DO - D7
&
& o o
0 < O
-INT A -INTR
> 3
]
-WR A\ \‘b MEMW
Q b - -WR
o
-RD 9 -MEMR
)° -RD
o—q
-MREQ
-IORQ —‘—c
) -INTA
-IACK
M1 q
780 CPU XR82C684

Figure 23. Schematic of an Approach to Interface the QUART to the Z-80 CPU (for Z-Mode Operation)
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C.6.3.2 8086 Microprocessor

The 8086 microprocessor is a 16 bit microprocessor
manufactured by Intel Corporation. Figure 24 presents
the pin out diagram of this IC. Please note that in this
figure, pins 24 - 31 have some additional labels, located
off to the right of the package. These additional labels will
be explained later in this text.

Intel went to great lengths to keep the pin count of this IC
low by multiplexing the functions of many of these pins.
This device consists of a 16 bit Data Bus and a 20 bit
Address Bus. The Data Bus is multiplexed with the lower
16 Address Bits (AO - A15) to form ADO - AD15. Address
Bits A16 - A19 are multiplexed with status bits S3 - S6 to
form A16/S3, A17/S4, A18/S5 and A19/S6. All of these
pins are address lines during the first half of a memory

22 EXAR

applications in which the 8086P requires support from the
8087 numeric data processor (NDP). In this mode, a
special bus controller (the 8288) is required to generate
the memory and 1/O control bus signals.

The 8086 P contains two interrupt request inputs: INTR
and NMI. NMl is the active-high “non-maskable” interrupt
request input; and INTR is the “maskable” interrupt
request input. If the 8086« P is operating in the “min”
mode, then the -INTA (Interrupt Acknowledge) pin is
available on Pin 24 (see Figure 20). However, if the
8086 P is operating in the “max” mode, then the -INTA
signal must be derived from the -S0, -S1, and -S2 pins via
the 8288 bus controller. Table 12 presents the processor

status and 8288 active,outputs based on the -S0, -S1, and
-S2 “max” mode s@si s

cycle. However, during the second half of a memory WS 0
cycle, these pins then take on their alternate functions “‘Q f\
(e.g., ADO - AD15 becomes DO - D15, A16/S3 - A19/S6 Pin Num&é k@‘MN/-Mx - 1 MN/-MXZ 0
becomes S3 - S6). A second group of multiplexed pins is o > (Min Mode) (Max Mode)
controlled by the MN/-MX input pin. When this pin is high, .?6\ ,b(‘ HOLD -RQ/-GTO
the “min” mode is selected and pins 24 through 31 take on Q\}S & HLDA -RQ/-GTH
the control definitions shown under the MN/-MX = 1 Q' 2 -WR -LOCK
column in Table 11. When the 8086+ P operates in this ) & .& \ -M/IO .82
mode, it presents a control bus very similar to that of the ‘\ 02 6 DT/R -S1
8085+ P, and requires only an address latch and a clock 6\.’ {O & _DEN .80
generator to form a CPU module. 60 QQ, 6§U ALE aso
GND E Voo O \OQ (@ st INTA Qst
14 |2 15 Q'
AD13 [ ] A16/S3 \Q (] *b Table 11. MN/-MX Mode and Function of
AD12 [4] arrss \O° Q@ Pins 24 - 31 of 8086 CPU Device
AD11 [5] A18/S5x *Q o
AD10 [&] A19/
ADO [1] OANST \‘b \'Q 8288 Active
ADS8 [&] X & -S2 | -S1 | -S0 Processor State
AD7 [] b2 O Output
ADS [io ] -RC&O ﬂOLD) 0 0 0 [Interrupt Acknowledge -INTA
ADS % @ 'GK&( ng;*) 0o | 0| 1 |Readl/OPort -IORC
ADS [ A SZ% MI0) 0o |1 | o |writel/oPort IOWC
AD2 [z -&Q (DT/R) o |1 |1 |Hat None
23(1) % -QSO E ADLEE')\‘) 1 0 0 |Code Access -MRDC
NMI [i7] QS1 (-INTA) 1 0 1 Read Memory -MRDC
INTR [ie | -TEST 1 |1 | o [write Memory -MWTC
CLK [i9] READY ] ] 1 |passi N
GND E RESET assive one

8086 CPU

Figure 24. Pin Out of the 8086
Microprocessor Device

When MN/-MX is low, the 8086« P is operating in the
“max” mode. This mode is intended for more complex
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Table 12. 8086 Processor State/8288 Bus Controller
Active Output as a Function of -SO, -S1 and -S2

Figure 25 and Figure 26 present the 8086 CPU Mode,
when operating in the “min” and “max” modes,

respectively.
TEM
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ADO - AD7 [ > DO - D7
D Q > A0 - A7
—= INTR
C
<« INTA 7415373
AD8 - AD15 > D8 - D15
—={ HOLD ‘
D Q > A8 - A15
ALE 6 C X7 b
7415373 \"Q\ &0
.\(\ (}'
<—— -DEN 6 >
O
M/-I0 BN )
-MEMR
Vee ‘
T -RD 9 )
-low
MN/-MX { Ny
" \0: Q o\ l: :}9—' -MEMW
8086 CPU } éa 00
A A
Figure ZS*Gch&atng the 8086 CPU Mode (Min Mode)
NI
>

]

%Q
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CLK
LK -MRDC > _MEMR
-S0 -S0 -MWTC > _MEMW
-S1 -S1
o . -IORC > _|OR
DEN -lowc > _|OW
DT/-R -INTA >
ALE
> INTR 8288 Bus Controller
ADO - AD7 > DO - D7
A0 - A7
ADS8 - AD15 D8 - D15
A8 - A15
8086 CPU
O 9< Cq}e
/J7_ MN/-MX ‘Q (o) b 74L.S373
. \ < Q
Figure 26. Sc a%of@ 8086 CPU Mode (Max Mode)
X

O o
(o)
Q‘ I\

Q
Q& ,z’,@ b&
8086 « C Interrupt Processing 6 Q

(3
If a peripheral component requires interrupt service from
the CPU, it will assert the CPU’s INTR input (by toggling it
high). Once the CPU has completed its current
instruction, it will assert the -INTA pin (if operating in the
“min” mode) or set the -S0, -S1, and -S2 pins to “0” (see).
In either case, the -IACK input of the peripheral will be
asserted. Once this happens, the interrupting peripheral
is expected to place an “interrupt vector” byte on DO - D7
of the data bus. The 8086 P will read this data and
multiply this value by the number 4 in order to determine
the location of the interrupt service routine in memory.

ANV SV S SEA
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Since this “interrupt vector” is 8 bits wide, the 8086+ P can
accommodate up to 256 different interrupt vectors (0 -
255). Additionally, since each vector is multiplied by “4”,
the user is expected to reserve the first 1K byte of memory
for the Interrupt Service Routines/Jump Table.

Figure 27 presents a schematic of the XR82C684
QUART interfacing to a “min” Mode 8086 CPU device.
Please note that the QUART has been configured to
operate inthe Z-Mode. Therefore, the user must account

for the IEI input to the QUART device.

™
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DO - D7
ADO - AD7 DO - D7
A0 - A4
D Q A0 - A4
c A5 - A7
74LS373
ADS - AD15 > D§-D15 CcS
HOLD Address
> A8 - Al5 Decoder
D
ALE C
74LS373
-<—— _DEN -INTA 6 46 -IACK
INTR °< ‘\ @ -INTR
~— DT/R \
From@her IEI
M/-I0 —o} Prior]
Vee >
— N o
\i &@
MN/-MX (\ @5 -RD
-WR MW
-WR
8086 CPU
@ XR82C684

Figure 27. Schematic of the XR82C684 QUAR&bev@n&éfacmg to a “Min” Mode 8086 CPU Device

Q*\e}

D. TIMING CONTROL BLOCK cause of the complexity of the QUART’s Timing Control
The Timing Control Block allows to the user t *ec ? Block, the overall block diagram, for this block has been
bit rates that he/she wishes to transmit and r divided into two parts, as presented in Figure 28 and

within each channel. The Timing Control k@,n&%of Figure 28A.
the following elements:

e Oscillator Circuit *
o 2 Bit Rate Generators o

® 2-16 bit Counter/T|mers
[ ]

8 - External Input Pins (to clock % sm|tters
and Receivers, directly)

e Four Clock Select Registers (32:1 MUXs)
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IP4 IP3
(RXCA) (TXCA)

Preset Registers | 32:1
(CTURT, CTLR1) > mux [T TXCA
TXCA
TXCB l
P2 ’ 32:1
(CT1_EX) Counter/ MUx [ RxCA
Divide by 16 Timer #1 >

ACR1[4-6]
j 32:1
—> TxCB

Divide by 16 MUX
D I
F
0(\ o .
a\ ,\%;( —> RxCB
X1/CLK — Oscillator Bit Rate (*2)
xo <«  Circuit Generator o ‘bo PG
I c&; (RXCB)
QQ O
ACR1[7] \é é\(\ 6\
&0 P
Figure 28. Block Diagram of the Portion of @ Q&&Bﬁming Control Block Which Services
Chapdels %
&Q‘ A
S
&
Y 0
& o o
o
NENN
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P12 IP11
(RXCC) (TXCC)
Preset Registers .| 321
(CTUR2, CTLR2) > mux [7 TXCC
TXCC
TXCD l
IP10 324
(CT2_EX) Counter/ MUx [ RxCC
Divide by 16 Timer #2 >
ACR2[4-6]
j 821 | o 1D
MUX
Divide by 16
[Divide by 6] > S
& @
A\ ’s 32:1
N—C x = RxCD
MUX X
X1/CLK ™ Oscillator Bit Rate QM
X2 Circuit Generator (\0 P14
‘ ;\' C&(b (RXCD)
) Q
ACR2[7] &

Figure 28A. Block Diagram of the Portion of t
Chan

Figure 28 presents a diagram of the portion of the T

Control Block which services Channels A

Whereas, Figure 28A presents the diagram of I@

of the Timing Control Block which serwces ‘g
ing

and D. Please note that each “half” of the

Block consists of a 16-bit Counter/Tim

Generator, a set of four external clock Qlts

MUX'’s. Each “half” of the Timing Cor& sb§res the
output of the Oscillator CII’CUIt

Each element of the Timing % Bﬁlscussed

below:

D.1 Oscillator Circuit:

A crystal oscillator is typically connected externally
across the X1/CLK and X2 pins. The Oscillator Circuit

ANV SV S SEA
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&lgnal for use by both of the Bit Rate Generators, and

@jﬁ' &ng Control Block Which Services
0

% the chip) functions as the load for the resonant
stal) oscillator, and buffers the resulting oscillating

Counter/Timers. A crystal or TTL signal frequency of
between 2 MHz and 8 MHz is required for proper
operation of the QUART. However, a crystal or TTL signal
frequency of 3.6864 MHz is required for the generation of
the standard bit rates, presented in Table 15, by the Bit
Rate Generators. Additionally, a frequency of 7.372 MHz
is required for the generation of the standard bit rates,
presented in Table 15A, by the Bit Rate Generators.
Figure 29 presents two recommended schematics for the
XTAL Oscillator circuitry for crystals with frequencies of
3.6864 and 7.372 MHz.

TEM



XR82C684 7 EXAR

y ____________/ J/ [/ /S

C1: 10pF + (Stray < 5pF)

C2: 10pF + (Stray < 5pF) C1: 10 - 15pF + (Stray < 5pF)
R1: 1000hm

C2: 0 - 5pF + (Stray < 5pF
R2: 100ohm P ( y PP

Ri
| aan—t X1 X1

i
L_:I . XR82C684 L—:I ] XR82C684
T e = o
T - T

AMA—] X2 X2
3.6864MHz 7.372MHz

Parallel Resonant Crystal Par& Re@ant Crystal

X

Figure 29. Recommended Schematics for the XTAL.&QCHI@? Circuitry

Note: The user also has an option to drive the Oscillator Circuit with a TTL i@put al, in lieu of using a crystal oscillator.
If this approach is used, the TTL must be driven into the X1/CLK pin, t 2 pin must be left floating.

If the user desires to run numerous QUARTSs from a single crystal IIa@ Figure 30 presents an approach and the

necessary circuitry to accomplish this objective. Q Q
S
)

AR
0
& N

XR82C684

To X1 inputs of
other QUARTs

[

3.684MHz

| | 74HC14

Figure 30. A Recommended Schematic to Drive Multiple QUARTs from the Same Crystal Oscillator

Note: The useris urged not to use the 74LS14 Schmitt Trigger Inverter in lieu of the 74HC14 device. The input of the

741L.S14 tends to load down the oscillating signal from the QUART, to the point that the Schmitt Trigger inverter
can no longer change state or respond to the oscillator signal.
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D.2 Bit Rate Generator

Each of the two BRGs (Bit Rate Generators) accepts the
timing output of the Oscillator Circuit and generate the
clock signal for 33 commonly used data communication
bit rates ranging from 50 bps up to 230.4 kbps. Please
note that the BRGs will only generate these standard bit
rates if the Oscillator Circuit is running at 3.6864 MHz (for
the bit rates presented in Table 15) or running at 7.3728
MHz (for the bit rates presented in Table 15A). The actual

clock frequencies output from the BRGs are at 16 times
these rates.

The user can select one of two different sets of bit rates, to
be generated from the BRG. This selection is made by
setting or clearing ACR1[7] or ACR2[7]. Alisting of these
sets of Bit Rates, from the BRG, is presented in the
discussion of the Clock Select Registers (CSRs) in
Section D.5. A block diagram of the BRG circuitry for
Channel pairs A and B, and for Channel pairs C and D are
presented in Figure 31 and Figure 31A, respectively.

CSRA[7:4]
N2 o
6& b&?MUX —> RXCA
\ ‘@0
RN
‘0(\ S“ CSRA[3:0]
ACR1[7] (\\ &
Q
* \(‘Q LA Qe\ 32:1 MUX [—> TXCA
X1/CLK —*  QOscillator » Bit Rate \r?t Q
%o Circuit Chann an@
-~ o O.& CSRB[7:4]
v o &
\\0 *QQ Oé 32:1 MUX [— RXCB
8}0 N
o Q’Q 00
Q\ éQ @ CSRB[3:0]
<O
.((‘ ‘Z’}@ b&
6 Q 32:1 MUX [— TXCB
>

Figure 31. Block Diagram of the Bit Rate Generator portion of the Timing Control Block, for

Channels A and B
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ACR2[7]

Y

CSRC[7:4]

32:1 MUX [— RXCC

CSRC[3:0]

32:1 MUX [—> TXCC

AN
* (8]
X1/CLK ’ Oscillator > Bit Rate Generator Q\ (0
%2 Circuit Channels C and D \r N

* ‘Q (})CSRDW 4]

S|°
«O ‘gl> 32:1 MUX RXCD
\ & : —>

@ CSRD[3:0]

é 32:1 MUX — TXCD

X
Figure 31A. Block Diagram of t&GJB éte@znerator portion of the Timing Control Block, for
\Ché&‘uels Cand D

\° 0

D.3 Counter/Timers

The Timing Control Block aﬁo ?& ﬁo 16 bit
Counter/Timers (C/T#1 and C/T#. ach C/T is a
programmable 16 bit down-counter Whl& can use one of
several timing sources as its input. Figure 32 and
Figure 32A presents a block diagram of the circuitry
surrounding C/T#1 and C/T#2, respectively. The
selection of these timing sources for Counter/Timers #1
and #2 can be made by writing the appropriate data to
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ACR1[6:4] and ACR2[6:4], respectively. Please see
Table 13 and Table 13A for the relationship between the
Counter/Timer mode, the Timing Source and ACR[6:4]
for Counter/Timers #1 and #2, respectively. The C/T
output, for both C/Ts, is available to the Clock Select
Registers for use as a programmable bit rate generator
for all four Transmitters and Receivers. Please note that
the QUARTS, packaged in the 44 pin PLCC have limited
options in regards to Timing Source, as depicted in
Table 13 and Table 13A.

™
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Oscillator
Circuit
Preset Registers
(CTUR1, CTLR1)
Divide
by 16
» 10 32:1 MUXs
P2 |—
Divide Counter/
by 16 Timer #1 > C/T 1 RDY
TXCA (OP3)
TXCB
®
&S

N
ACRLG} 6\0&0(}
O

O
-y RO
Preset Re } o@

(CTUR2, &R
Bivzdee o; Q\A;é \
y RNd ) 6,‘,}“
O
\o* Q é > {0 32:1 MUXs
IP10 |— — éz c?@?/
by 16 X der#2 S,

TXCC

{0
o ——— o2 _@ul Y

N

ACR2[4-6]

Figure 32A. A Block Diagram of the Circuitry Associated with Counter/Timer #2
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Bit | Bit | Bit CIT Timina Source
6 | 5 | 4 | Mode 9
0 0 0 | Counter | External Input - IP2
TXCA 1X - Clock of Channel
0 0 1 Counter A Transmitter
TXCB 1X - Clock of Channel
0 1 0 Counter B Transmitter
0 1 1 Counter | X1/CLK Input Divided by 16
1 0 0 Timer | External Input - IP2
1 0 1 Timer External Input - IP2, Divided
by 16
1 1 0 Timer | X1/CLK Input
1 1 1 Timer | X1/CLK Input Divided by 16

Note: The “shaded” options are only available in the 68 pin
PLCC.

Table 13. ACR1[6:4] Bit Field Definition - C/T#1

Bit | Bit | Bit cIT Timing Source
6 | 5| 4 | Mode 9
0 0 0 Counter | External Input - IP10
TXCC 1X - Clock of Channel
0 0 1 Counter C Transmitter
TXCD 1X - Clock of Channel
0 1 0 Counter D Transmitter
0 1 1 Counter |X1/CLK Input Divided by 166
1 0 0 Timer [ External Input - IP10 Q&
) External Input - IP10,&
o1 | Tmer |nhiidedby 16 \0 Q
1 1| o | Timer |X1/CLKInput C}' ‘
11 1] Timer [xtox |npg@v.d@@y 1@

Note: The “shaded” options are only ava{@J ei
PLCC.

Table 13A. ACR2[6:4] Bit Fuelg(gegmﬂ?n @#2

The text in Sections D.3.1 and D 3. Qen ally refers to
the Counter/Timer or C/T. However, tH®'text applies to
Counter/Timer #1 and #2 equally. Where appropriate,
distinctions will be made between the two C/Ts.

D.3.1 Timer Mode:

Please note that of the two C/T Modes, the Timer Mode is
the only mode which is relevant to the function of Bit Rate
Selection. However, for completeness, the Counter
Mode is also discussed below.

In the Timer mode, the C/T acts as a programmable
divider and generates a square wave whose period is
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twice the value (in clock periods) of the contents of the
Counter/Timer Registers, CTUR and CTLR. The C/T can
be used as a programmable bit rate generator in order to
produce a 16X clock for any bit rate not provided by the
BRG. The square-wave, originating from C/T#1 is output
on Output Port pin, OP3. Whereas, the square-wave,
originating from C/T#2 is output on Output Port pin, OP11.

If the C/T is programmed to operate in the Timer mode,
the frequency of the resulting C/T square wave can be
expressed as follows:

C/T Output Frequency =

Frequency of Selected Timing Source

[C\vyR] @+ [CTLR])

&
O
N
where: [CTU& = (éontents of the CTUR register in
de&al
Q che contents of the CTLR register in
form

Output is treated as a 16X clock signal by
Q} uitry, the resulting bit rate is 1/16 the
e C/T Output signal. Therefore, the bit

I&S“

from the C/T can be expressed as follows:

6 Zrequency of Selected Timing Source
32 - ([CTUR] - 28+ [CTLR])

The contents of the CTUR and CTLR registers may be
changed at any time, but will only begin to take effect at
the next half cycle of the square wave. The C/T begins
operation using the values in CTUR/CTLR upon receipt of
the Address-Trigger “START COUNTER” command (See
Table 1).

The C/T then runs continuously. A subsequent “START
COUNTER” command causes the C/T to terminate the
current timing cycle and begin a new timing cycle using
the current values stored in CTUR and CTLR. The
COUNTER READY status bit, in the Interrupt Status
Registers (ISR1[3] or ISR2[3)), is set once each cycle of
the square wave. This allows the use of the C/T as a
periodic interrupt generator, if the condition is
programmed to generate an interrupt via the interrupt
mask registers (IMR1 and IMR2). The ISR1[3] and/or
ISR2[3] can be cleared by issuing the appropriate
address-triggered “STOP COUNTER” command (See
Table 1). In the TIMER mode, however, the command

does not actually stop the C/T.
TOM
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D.3.2 COUNTER MODE

In the Counter Mode, the C/T counts down the number of
pulses written into CTUR/CTLR, beginning at the receipt
of a “START COUNTER” command. The
COUNTER/READY status bit (ISR1[3] or ISR2[3]) is set
upon reaching the count of 00001¢. The C/T will continue
to count past the 00004 and underflow (with the next
count being FFFF4g) until it is stopped by the CPU via a
“STOP COUNTER” command. If Output Port pin OP3 is
programmed to be the output of C/T#1, the output will
remain high until the terminal count is reached, at which
time the output goes low. It then returns to the high state
and ISR1[3] is cleared when the C/T is stopped (via the
“STOP COUNTER 1” command). A“START COUNTER”
command while the counter is running restarts the
counter with the values in CTUR/CTLR. The CPU may
change the contents of CTUR or CTLR at any time but the
new count takes effect only on after the subsequent
START COUNTER command. If new values are not
programmed the previous values are preserved and used
for the next cycle.

;&

D.4 External Inputs

The QUART (in the 68 pin PLCC package only) allows for
some of the Input Port pins (IP3 - IP6 and IP11 - IP14) to
be used as direct external inputs to the Timing Control
Block as timing sources for the Transmitters and
Receivers of all four channels. These options are not
available in the 44 pin PLCC. Please note that the user
can specify whether a clock signal, applied to one of these
external inputs, is a 1X or a 16X clock signal; via the Clock
Select Registers (see below). For a more detailed
discussion on the Input Port pins and their function,
please see Section E.

D.5 Clock Select Registers, CSRA, CSRB, CSRC,
and CSRD O

@re A, each nibble of the Clock
t 2:1 MUX’s. The Clock Select

In Figure 32 and
Select Registers
me@ylis that the user can select which

Registers ared

clock signal I the Transmitters and Receivers of
both chan . CSRs allow the user to select the 33
differentOstan@idrd  bit rates from the BRG, the
Coun& m&output or to use an external input as the

e for the Transmitters and Receivers.
le 15 and Table 15A present the
tween the contents of the CSRs and the

S

§$§

%

@( é@ driving the Transmitters and Receivers.

Bit 7 Bit 6 Bit 5 | Bit@

ST

Bit 2 | Bit 1 Bit 0

Receiver Clock Select
See Table 15 or Table 15A A

NIAEC)
*QAO .(b

D

Transmitter Clock Select
See Table 15 or Table 15A

A

| NI |
Table 14. Bit Forma@f tr;g; IQvaSelect Registers, CSRA and CSRB

NN
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Field Bit Rate
CSRJ7:4] ACR1[7] = 0 or ACR2[7] =0 ACR1[7] =1 or ACR2[7] =1
CSR[3:0] X=0 X=1 X=0 X=1
0 0 0 0 50 75 75 50
0 0 0 1 110 110 110 110
0 0 1 0 134.5 134.5 134.5 134.5
0 0 1 1 200 150 150 200
0 1 0 0 300 3600 300 3600
0 1 0 1 600 14.4K 600 14.4K
0 1 1 0 1200 28.8K 1200 28.8K
0 1 1 1 1050 57.6K 2000 57.6K
1 0 0 0 2400 115.2K 2400 115.2K
1 0 0 1 4800 4800 4800
1 0 1 0 7200 1800 @ 7200
1 0 1 1 9600 9600 9600
1 1 0 0 38.4K 19.2K ézK 38.4K
1 1 0 1 Timer Timer ) 6 & imer Timer
1 1 1 0 External - 16X External - 16X ernal - 16X External - 16X
1 1 1 1 External - 1X External - 1&'\ ‘b External - 1X External - 1X

Note: The “shaded”

options are only available in the 68 pin PLCC

Table 15. Bit Rate Selection via t)@%lp e§>
CSR[3:0] and CSR][7:4] for OSCI| 0 fr

ct Registers,
of 3.6864 MHz

- oﬂ \0
Field y QO Bit Rate

CSR[7:4] ACRI1[7] = = ACR1[7] =1 or ACR2[7] = 1

CSRI[3:0] X=0 & o X X=0 X=1
0 0 0 0 100 \‘ (\' 0\50 150 100
0 0 0 1 220 C} Q 220 220 220
0 0 1 0 26 0 X, \:Q 269 269 269
0 0 1 1 Q 10O 300 300 400
0 1 0 0 S os‘\e’ b 7200 600 7200
0 1 0 1 Q'QZO@ & 28.8K 1200 28.8K
0 1 1 0 &Q a@o & 57.6K 2400 57.6K
0 1 1 1 10 b 115.2K 4000 115.2K
1 0 0 0 40& 230.4K 4800 230.4K
1 0 0 1 9600 9600 9600 9600
1 0 1 0 14.4K 3600 3600 14.4K
1 0 1 1 19.2K 19.2K 19.2K 19.2K
1 1 0 0 76.8K 38.4K 38.4K 76.8K
1 1 0 1 Timer Timer Timer Timer
1 1 1 0 External - 16X External - 16X External - 16X External - 16X
1 1 1 1 External - 1X External - 1X External - 1X External - 1X

Note: The “shaded” options are only available in the 68 pin PLCC
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Table 15A Bit Rate Selection via the Clock Select Registers,
CSR[3:0] and CSRJ[7:4] for Oscillator frequency of 7.3728 MHz

™
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Please note that Table 15 and Table 15A calls for the user
to specify the following parameters:

ACR1[7] and ACR2[7] - the most significant bit (MSB) of
the Auxiliary Control Registers

e X - The Extend bit

® ACRI1[7] and ACR2[7] are the MSB of the Auxiliary
Control Register, and can easily be programmed by
writing 1x0000acxb or Oxxxxxxxb to the ACR, in order

XR82C684

to set or clear, respectively. (Note: the b suffix
denotes a binary expression. x = don’t care value).

X - The Select Extend bit

Each transmitter and receiver, within the QUART has an
extend bit that can be set or cleared by writing the
appropriate data to the channel's Command Register.
Although this information can be found in Table 2.
Table 16 summarizes these commands, and their effect
on the Extend bits.

Register Contents Resulting Action
Command Register A, CRA 08 Set Rx BRG Select Extend Bit (X = 1)
Command Register A, CRA 09 Clear Rx BRG Select Exte it (XéO)
Command Register B, CRB 0A Set Tx BRG Select Extert&it ( g’1)
Command Register B, CRB 0B Clear Tx BRG Selectl;@end,& =1)

Table 16. Command Register Controls Ov@%e\g\tend Bit

Note: If the user programs either nibble of the Clock
Select Register (CSRnN[7:4] or CSRN[3:0]) with
values ranging from 04 to Cy4, then the user is
using the BRG as a source for timing. How-
ever, these standard bit rates (presented in
Table 15) apply only if the X1/CLK pin is driven
with a 3.6864 MHz signal. If a signal with a
different frequency (fo) is applied to the X1/C
pin, then the QUART channel is running at @
following baud rate:

Actual baud Rate =

3.6864 MHz
provided that fo is between 2.0 MHz and 7, Q}?S&HZQ

Additionally, as in the case for standard s&n
@'ﬂes@hese

actual frequency of the clock signal WIK

values.
Likewise, the bit rates, from t w ented in
Table 15A apply only if the X rlven with a

7.3728MHz signal. If a signal wnh nt frequency
(fo) is applied to the X1/CLK pin, then th UART channel
is running at the following baud rate.

[Table 15A Baud Rate Value] - fo
7.3728 MHz
provided that fo is between 2.0 MHz and 7.3728 MHz.

Finally, the standard bit rates, generated by the BRGs,
and presented in Table 15 and Table 15A, apply only ifthe
QUART is running in the “Direct Systems Clock” mode
(see Table2). If the QUART is running in the
“Divided-Systems Clock” mode, then the baud rate will be
one-half of that presented in Table 15 and Table 15A.
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Actual baud Rate =

"’ 9
\. ng and significance.

[Table 15 Baud Rate Value] - fb* o Lrat
ofoIIowmg paragraphs will clarify the reasons.

1Xvs QQC&M Signals

lock” and “16X Clock” have been applied
ext. Therefore, it is important to discuss
A “16X clock”

es the received serial data by a factor of 16.
s a “1X clock” only samples the signals once per

greater accuracy (lower bit error rates) are achieved

e
Qnt gé'lod From this point one should correctly conclude

the use of the 16X clock in lieu of the 1X clock. The

A receiver in one of the QUART channels is clocked by a
local timing source (from the Timing Control Block). If this
receiver is active and is receiving data from a remote
serial transmitter, that transmitter is also clocked by its
own local timing source. Hence, there is no guarantee
that the clock frequency for the receiver is exactly the
same as that for the remote transmitter. This is a
characteristic of  asynchronous serial data
communication.  Although the receiver and remote
transmitter have been programmed to receive and
transmit data at exactly the same baud rate, sufficient
differences in the frequencies of the two clock sources
(local receiver and remote transmitter) can contribute to
bit errors in the receiving process, as presented in the
following discussion.

Suppose that we have a serial data transmission system
as depicted in Figure 33. This system consists of a
remote transmitter (TX), and a local receiver (RX).

TOM
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Transmitter Receiver
TX RX
TX Clock RX Clock

Figure 33. Example of a Serial Data Transmission System

Let us further assume that the Receiver is clocked by a  per bit period. Figure 34 presents the results of this
source that is slightly faster than that of the Transmitter, phenomenon. '\ S
and that the Receiver is only sampling the serial data once

Figure 34. Receiver (1X) Sampll@ if t(Q?)bt ock is Slightly Faster Than the TX clock

P
0 \ 3
Figure 34 shows that the phase relatlc(gn twe& the successive data bit. This phenomenon is known as
Receiver’s sampling point and ea bit is receiver drift. If there is no correction for receiver drift,
changing. In this case, the R er @sa ing each  there will be many errors in the transmission and reception

serial data bit, earlier and earlle @t p , with each of this serial data, as depicted below in Figure 35.
6

™
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Received Data 0 0 1 0 0 1 0 1
|
Actual Data 0 1 0 1 0 1 0 1
2 Q
Figure 35. lllustration of an Error Due to Rec&f&r@t

Figure 35 shows the Receiver sampling an eight bit string

of data with bit pattern 0101010. It is interesting to note

that, in this figure, the Receiver sampled 01010010. It

should be noted that Receiver drift can also be a problem

is the local Receiver is slower than the remote Transmitter

clock.

In general the bit-error-rate, for this “uncorrected” systeb

is a function of the timing differences between the T

RX local clock signals. However, in order to corr

Receiver Drift and to minimize the BER during s dé

transmission, many UARTSs in the market pI

Receiver Oversampling of the START bi 0

feature is employed, the Receiver, upoﬁee@ ofXb

START bit, will begin oversamplin by

some integer factor. Typically, fogynos re n day

UARTSs, this over-sample factor |sd ’gfﬁe xXQerCe684
AN

,bﬂ‘
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M)
>
&
device al&c modates 16X receiver oversampling of
the S @ Therefore, in these devices, when the
Rec cts the occurrence of a START bit, it (the
egln oversampling this START bit by a
owever after 7 16X clock periods has
receiver will assume this point (within the
to be the mid point of the bit period, and will
versampling of the START bit and of the
uent data. From this point, through the end of the
acter the Receiver will sample the serial data stream
he 1Xrate. Stated another way, once the Receiver has
reached what it believes to be the mid-point of the START
bit, the receiver will, from that point, begin sampling the
serial data at 1-bit period interval (see Figure 36). After
the Receiver has received the STOP bit, it will await the
occurrence of the START bit. Once the START bit has
been detected, this oversampling procedure is repeated.

|ve

Qas

™
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Chosen as
the Midpoint
of the Bit

1 Bit Period —f

®
F:
T

QO XN
% \ @o
&
O

Figure 36. The Typical Sampling Pattern of Each Rg&lv@%thin the XR82C684 Device
Q
&P

The oversampling technique mitigates many of the serial ase j n@advised never to use the 1X clock features
data bit errors by attempting to adjust the receiver (}of @ T, unless the incoming serial data stream is
sampling point, to near the midpoint of the bit periods, ? &chg us with the Receiver (1X) clock.

character to character basis. This approach is succes,
for two reasons: $

L 4

7 - 16X clock periods

\o%.q?:pplication Examples using the Timing Control

1. It offers periodic correction to the Receiver

éﬂp@ . - -
point \ o%n order to clarify the roles of the assets within the Timing

X, (/] Control Block, three examples are included.

2. It limits the Receiver drift phenom U&ﬂl\/ é@

sampling point adjustments) to typical@et t129ns Example A: Using the BRG

(8 bit character + parity and STOR( Sloe’ \\ Suppose that the user wishes to receive and transmit data
Therefore, ifthe user selects to receyed t @Jd rate  atarate qf 115.2 kbps via Channel A. The user must do
of 9600 baud; upon detectio&e‘gy’ch\&T bit, the  the following:
Receiver will begin sampling th® da& at 3600 x 16) = 1. Use a 3.6864 MHz crystal oscillator across the
153,600 Hz. However, once e% eceiver has X1/CLK and X2 pins; or driving a 3.6864 MHz TTL
oversampled up to the 7th 153.6 kHz clock pulse, it will signal into the X1/CLK pin (with the X2 pin floating).

mark this location as the midpoint of the START bit. From 2 \write 0A;6 to Command Register A.
this point on, the 153.6 kHz clock signal is divided by 16 to
generate the sample clock (9600 Hz) for the remaining
data and overhead bits of the character.

This step will set the Transmitter BRG Select Extend bit
X=1).

3. Write 084 to Command Register A.

The XR82C684 de\{lces gives t.h © user the option o This step will set the Receiver BRG Select Extend bit
declare an external input clock signal as either a 1X or

16X clock signal. Whenever the user is given a choice to (X=1).

use either the 1X or 16X clock signal (per the Clock Select 4~ Write 1xxxxxxxb to ACR1

Registers), the user is advised to always use the 16X  This step selects “Bit Rate” Set #2 per Table 15 of this
clock, in order to mitigate the effects of receiver drift. The  data sheet.
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Where the b suffix denotes a binary expression, and x ~ Thus: Bit Rate =1 MHz/16 = 62.5 kbps.
denotes a “don’t care” value for the binary expression.

5. Write 8845 to CSRA.

This step sets the Receive and Transmit bit rate for ~ Suppose that, in addition to running Channel B at 62.5

Channel A to 115.2 kbps (per Table 14 and Table 15). kbps (see Example B), he/she wants to Transmit and
Receive data at 1 Mbps via Channel A.

Example C: Using the External Input Ports

Example B: Programming the Bit Rate via the The user needs to perform all of the steps presented in
Counter/Timer Example B, along with the following:

1. Write xxxx01xxb to the OPCR1 (Output Port

Suppose the user wishes to transmit and receive data at . . .
PP Configuration Register 1).

62.5 kbps via Channel B. Please note that this particular
bit rate is not offered by the BRG. Inthis case the usercan  This step allows the 1 MHz square wave from C/T#1 to be

do the following. output on OP3.
1. Drive a 4 MHz TTL signal into the X1/CLK pin, while ~ Note: x =don't care\e 6
the X2 pin is left floating. The b suﬁi*&n g’a binary expression
2. Write 0016 to CTUR1 and 024 to CTLR1. 2. Externally co&ct@ OP3 pin to the IP3 and IP4 pins.

This steps results in C/T #1 generating a square wave of Therepy app%ng ﬂ'b' MHz square wave into these two
frequency =4 MHz/2[2] = 1 MHz. input pins.

3. Write 110b to ACR1[6:4] 3. Wris@&v&‘b CSRA.
This will set C/T#1 into the Timer mode, and select the Tr?%p specify that the timing source for the

L . Trabemi d Receiver of Channel A will be derived
Timing source for the C/T to be the X1/CLK input. 4? : IP3 and IP4, respectively. Additionally,
4. Write DD1g to CSRB. \"m s\@p w the QUART hardware to presume that

Ot i

This will specify that the timing source for the Rece? signal are 1X signals. Hence, there is no

&lsi sby-16 of this signal. Therefore, the bit rate of

Please note that when the QUART is programmed i '5\0 Q&el Ais at 1 Mbps.
configuration, the C/T output represents a 1 \ &%\se note that if the user were to apply this example,
sample of the Transmitted and Receiveddata.'l:&‘ ef ¥, o‘he/she would be responsible for ensuring that the
R
X

and Transmitter of Channel B will be derived from C/T,

the chip circuitry will divide the 1 MHz square e 160 incoming serial data stream is synchronous with the 1
just like for clock signals originating from t @ \:Q MHz (1X) clock signal; in order to minimize bit errors.

& o o
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D.7 Explanation of Clock Timing Signals

22 EXAR

The XR82C684 Data Sheet presents the following

The purpose of this section is to explain the Data Sheet ~ Parameter specifications, in the “AC ELECTRICAL
specification on the Timing Control Block parameters. In CHARACTERISTICS”
the past, this subject has been the source of considerable
confusion by numerous users.
Limits
Symbol Parameter Min. Typ. Max. Units
tCLK X1/CLK (External) High or Low Time 100 ns
fCLK X1/CLK Crystal or External Frequency 2.0 3.6864 7.3728 MHz
tCTC Counter/Timer External Clock High or Low Time - 100 ns
IP2 Input
fCTC Counter/Timer External Clock Frequency - IP2 0 7.3728 MHz
Input '\6 06
tRTX RXC and TXC (External) High or Low Time - via 220 "s & ns
IP2, IP3, IP4 and IP5 .\Q 6\,
fRTX RXC and TXC (External) Frequency - via P2, 6 ‘b
IP3, IP4, and IP5 <
fRTX - 16X 16X ° QQO ,b(\ 16.0 MHz
fRTX - 1X 1X ',\\' 1.0 MHz

Figure 37. Clg m@e\

Now for an explanation for each of these parameters
® tCLK - X1/CLK (External) High or Low Time

The QUART employs dynamic logic throughout
its circuitry. Therefore, minimum limits on tCL
are needed in order to ensure that the device
properly. This parameter just places a Iow@
amount of time at the signal applied thro

pin must reside at the high and low st

(‘

o fCLK - X1/CLK Crystal High %g)wcﬂm *

§equencies

This parameter specifies th& &

permissible at the X1/CLK inpu ither crystal
oscillator or applied TTL input signal. refore, the use
can only apply between 2.0 and 7.3728 MHz at this input.

e tCTC - Counter/Timer External Clock High or
Low Time - IP2/IP10 Input

This parameter places a lower limit on the amount of time
that the signal, being applied to the IP2 and IP10 pins, for
use by the Counter/Timers, can reside at the high and low
states. Please note that this limit has no relationship with
the parameter tRTX, which is another spec associated
with the IP2 input.

ANV SV S SEA
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nter/Timer External Clock Frequency -

P$qut

0 thl Qparameter places an upper limit of the input
yuency being applied to the IP2 and IP10 pins, for use

he Counter/Timers. The spec basically states that a
S|gnal with frequency up to 7.3728 MHz can be applied at
the IP2 and IP10 pins, and still be properly handled by the
Counter/Timers.

® tRTX - RXC and TXC (External) High or Low Time
-vialP3 - IP6, and IP11 - IP14

This spec places a lower limit on the amount of time that a
signal, being applied at the General Purpose Input Pins,
IP2 - IP5 and IP11 - IP14, for use as the Transmitter and
Receiver Clock source, can reside at the high or low state.

e fRTX - RXC and TXC (External) Frequency - via
IP3 - IP6, and IP11 - IP14

This spec places limits on both the 1X and 16X external
signals that are to be used to clock the Transmitters and
Receivers. If the user wishes to use a 1X clock, he/she
can only apply a signal with frequencies up to 1.0 MHz.
This input will results in a bit rate of 1 Mbps (see Example
C). Ifthe user wishes to use a 16X clock, he/she can only
apply a signal with frequencies up to 16.0 MHz. Since this
signal is a 16X signal, this will result in a bit rate of 1Mbps.

TOM
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In summary, the QUART Timing Control block gives the
user the ability to generate virtually any baud rate that he
or she desires. The Timing Control Block gives the user
access to the following resources:

e 33 different standard bit rates via the BRG.

o Two Counter/Timers, which can be configured to
generate bit rates which are not available from the

BRGs.

Inputs to the Timing Control Block (via some Input
Port pins) which allows the use of external clock sig-
nals to generate a custom bit rate.

E. INPUT PORT

The Input Port consists of 16 parallel input pins (IPO - IP15).
The Input Port can be used as a general purpose input or
the QUART can be programmed to use some of these

XR82C684

inputs for special functions. The current state of the inputs
to this unlatched port can be read by the CPU by reading
the IP1 register (for the logic states of IPO - IP7 input pins)
or the IP2 register (for the logic states of the IP8 - IP15 input
pins). A high input signal at the IPn pin results in a logic “1”
in the IP1[n] bit position, within the IP1 register (for Input
Port pins IPO - IP7). Similarly, a high input signal at the IPn
pin results in a logic “1” in the IP2[n - 8] bit position, within
the IP2 register (for Input Port pins IP8 - IP15).

E.1 Alternate Functions for the Input Port

Table 17 describes the alternate uses for the input pins,
such as clock inputg@nd qdta flow control signals and
includes a brief su \a how to program the alternate
function. Aread g{the gisters will show the logic state
at the pin, re% es its programmed function.

¢ &
.(\ Q
Input Port Alternate Function(s) rg@h to Program Alternate Functions
IPO -CTSA: Clear to Send (CTS) input for Channel A. IPO &grammed to function as the -CTSA input by
[4] =1. For a more detailed discussion on this
Note: this input is Active Low, for the CTS func- . t' e%‘see Section D.3.
tion. \d'
IP1 -CTSB: Clear to Send (CTS) input for Chann%@ programmed to function as the -CTSB input by
2B[4] =1. For a more detailed discussion on this
Note: This input is Active Low for the CT Q p'ease see Section D.3.
tion. g o
1P2 CT1_EX: Counter/Timer # 1 Extern%@ bep *&2 can be programmed to function as the external clock
Q [ input for Counter/Timer #1 by setting ACR1[6:4] = [0, 0, O].
For a more detailed discussion into the effect of this action
Q please see Section D.2.
IP3 TXCA_EX: External Clock |r$foé§tan ter IP3 can be programmed to function as the external clock
Channel A. input for the Transmitter of Channel A by setting CSRA[3:0]
\ ‘Q * =[1, 1, 1, 0] in order to be treated as a 16X Clock, or
CSRA[3:0] =[1, 1, 1, 1] in order to be treated as a 1X
& Clock.
IP4 RXCA_EX: Exter& CI@mpéfor Receiver IP4 can be programmed to function as the external clock
Channel A. input for the Receiver of Channel A by setting CSRA[7:4] =
[1,1, 1, 0] in order to be treated as a 16X Clock, or
CSRA[7:4] =[1, 1, 1, 1] in order to be treated as a 1X
Clock.
IP5 TXCB_EX: External Clock input for Transmitter IP5 can be programmed to function as the external clock
Channel B. input for the Transmitter of Channel B by setting CSRBI[3:0]
=[1, 1,1, 0] in order to treated as a 16X Clock, or
CSRBI3:0] =[1, 1, 1, 1] in order to be treated as a 1X
Clock.
IP6 RXCB_EX: External Clock input for Receiver IP6 can be programmed to function as the external clock
Channel B. input for the Receiver of Channel B by setting CSRB[7:4] =
[1, 1, 1, 0] in order to treated as a 16X Clock, or CSRB[7:4]
=[1,1,1, 1] in order to be treated as a 1X Clock.
IP7 None N/A
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Input Port Alternate Function(s) Approach to Program Alternate Functions
IP8 -CTSC: Clear to Send (CTS) input for Channel C. | IP8 can be programmed to function as the -CTSC input by
setting MR2C[4] =1. For a more detailed discussion on this
Note: This input is Active Low for the CTS func- | function, please see Section G.3.
tion.
IP9 -CTSD: Clear to Send (CTS) input for Channel D. | IP9 can be programmed to function as the -CTSD input by
setting MR2D[4] =1. For a more detailed discussion on this
Note: This input is Active Low for the CTS func- function, please see Section G.3.
tion.
IP10 CT2_EX: Counter/Timer #2 External Clock Input. |IP10 can be programmed to function as the external clock
input for Counter/Timer #1 by setting ACR2[6:4] = [0, 0, 0].
For a more detailed discussion into the effect of this action
please see Section D.2.
IP11 TXCC_EX: External Clock input for Transmitter IP11 can be programmed to function as the external clock
Channel C. input for the Transmijt nnel C by setting CSRC[3:0]
=[1,1,1,0]inord @ as a 16X Clock, or
CSRC[3:0] = [1, 1,%01] jR®rder to be treated as a 1X
Clock. \Q
P12 RXCC_EX: External Clock input for Receiver IP12 can be ghogr ed to function as the external clock
Channel C. input for th cei¥dr of Channel B by setting CSRB[7:4] =
1,1, 1, or o treated as a 16X Clock, or CSRBJ[7:4]
]i er to be treated as a 1X Clock.
IP13 TXCD_EX: External Clock input for Transmitter n be&ogrammed to function as the external clock
Channel D. Transmitter of Channel D by setting CSRD[3:0]
grder to treated as a 16X Clock, or
‘8 b 1, 1, 1] in order to be treated as a 1X
Io
IP14 RXCD_EX: External Clock input for Recelv é@e programmed to function as the external clock
Channel D. e Receiver of Channel D by setting CSRDI[7:4] =
0 , 0] in order to treated as a 16X Clock, or CSRD[7:4]
é \0 , 1, 1] in order to be treated as a 1X Clock.
IP15 None § (o) /A

Note: “Shaded” Input Port pin and Alternate Fur&\bn ‘@ orwg/allable in the 68 Pin PLCC package.

Table 17. Li

E.2 Input Port Configuration RegQ&r%@C@ and

IPCR2)

Change of state detectors are éow
through IP3 and IP8 through IP1
sampled by the 38.4 kHz output of the

or §t pins IPO

e inputs are
G (2.4 kbps x

16). A high-to-low or low-to-high transition at these input
lasting at least two clock periods (approximately 50s) will
guarantee that the corresponding bit in the appropriate

Ql‘%\ltv:?ate Function for the Input Port

input port change register (IPCR1 or IPCR2) will be set,
although it may be set by a change of state as short as
25s. The bit format of each of the IPCRs follows. The
status bits in the upper nibble of the IPCR (IPCR1[7:4] or
IPCR2[7:4]) are cleared when the register is read by the
CPU. Any change of state can also be programmed to
generate an interrupt via the “Input Port Change of State”
interrupt.

ANV S LSS

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
Delta IP3 Delta IP2 Delta IP1 Delta IPO IP3 IP2 IP1 IPO
0=No 0=No 0=No 0=No 0 = Low 0 =Low 0 =Low 0 =Low
1=Yes 1=Yes 1=Yes 1=Yes 1 = High 1 = High 1 = High 1 = High
Table 18. Input Port Configuration Register 1 - IPCR1

™
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Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O

Delta IP11 Delta IP10 Delta IP9 Delta IP8 IP11 IP10 IP9 IP8
0=No 0=No 0=No 0=No 0 =Low 0 =Low 0 =Low 0 =Low
1=Yes 1=Yes 1=Yes 1=Yes 1 = High 1 = High 1 = High 1 = High

Table 19. Input Port Configuration Register 2 - IPCR2

In order to enable the “Input Port Change of State” interrupt, one must do the following.

o Write the appropriate data to the lower nibble of ACR (ACR1 and/or ACR2). The bit formats for both ACRs are
presented below. Please note that the applicable bits, within each of the ACR registers, are shaded.

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
BRG Set Counter/Timer #1 Mode and Source Delta IP3 Delter, & b Delta IP1 Delta IPO
Select Interrupt In t (Q! Interrupt Interrupt
0 = Sett See Table 4 0=0FF [ ,@¢OPRY | 0=OFF 0 = OFF
1=Set2 1= ON A\K@ 1= ON 1= ON
Table 20. ACR1- Auxiliary Cont;@%egﬁer 1
& &
Q
Bit 7 Bit 6 Bit 5 | Bit 4 - t 3 \ Bit 2 Bit 1 Bit 0
BRG Set Counter/Timer #2 Mode and Source @el 149" Delta IP10 Delta IP9 Delta IP8
Select K }' In@r UEO Interrupt Interrupt Interrupt
0 = Sett See Table 4 8’ @’: csr* 0 = OFF 0 = OFF 0 = OFF
1= Set2 (0‘91(@)N 1= ON 1= ON 1= ON
A
Table 21 @ - &il@?Control Register 2
| @@ | o
e Setting IMR1[7] and/or IMR2[7]. 00 > \"Q e The final state of the changing input pin.

Note: This “two-tiered” interrupt

li issgng
approach, for the “Input Change of S%e” %@rru lows

tremendous flexibility for the user. @e i r&@ ng the
bits in ACR1[3:0] and/or ACE@O] s{he user to
specify exactly which Input Por piﬁ enabled (or
disabled) for generating the “Input Port nge of State”
interrupt. Setting or clearing IMR1[7] and/or IMR2[7]

allows the user to “globally” enable or disable this
interrupt.

The upper nibble of the two IPCRs will indicate which of
the eight input pins experienced the “Change of State.”
The lower nibble of each IPCR contains the present state
of these input pins. Therefore, when reading one of the
IPCRs, in response to the “Change of State” interrupt, the
CPU will determine:

® The input pin(s) that toggled

ANV S LSS

E.3 44 Pin PLCC Packaged QUARTs

The 44 pin PLCC packaged QUARTs come with only four
input port pins, IPO, IP1, IP8 and IP9. Therefore, the only
alternative functions that are available to the device (via
these input port pins) are the CTS (Clear to Send)
functions for each channel. External clock inputs are not
available in the 44 pin PLCC package option.

F. OUTPUT PORT

The QUART consists of an 16 bit parallel Output Port.
The Output Port can be used as a general purpose output
or can be used for output timing and status signals by
appropriately programming of the mode registers (MR1A,
B, C, D and MR2A, B, C, D) and also the output port
configuration registers, OPCR1 and OPCR2. When used
to output status signals the Output Port pins are open
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drain, which allows their use in a wire OR interrupt
scheme.

Programming the Output Port is a little different from the
conventional writes to a typical parallel port or the data bus.
The Output Port circuitry consists of two Output Port
Registers (OPR1 and OPR2), and the 16 output port pins
themselves. OPR1 controls Output Port pins OPO - OP7
and OPR2 controls Output Port pins OP8 - OP15. The
contents of the OPRs are complements of the actual state
of the Output Port pins. For example, if the bit OPR1[5] is
set to a logic “1”, this will result in the OP5 Output Port pin
being at a logic “0”. Likewise, if the bit OPR1[5] is set to a
logic “0”, this results in the OP5 Output Port pin being at a
logic “1”. The other thing that makes programming the
parallel port a little odd is the procedure that one must use
to accomplish this feat. When writing to this parallel output
port, one must invoke one of the four address triggered
commands: Set Output Port Bits #1, Set Output Port Bits
#2, Clear Output Port Bits #1 and Clear Output Port Bits #2.
Set Output Port Bits #1 and Clear Output Port Bits #1
commands applies to OPR1 and Output Port pins OPO -
OP7. Similarly, the Set Output Port Bits #2 and Clear
Output Port Bits #2 commands applies to OPR2 and
Output Port pins OP8 - OP15. It is important to note th
when invoking either “Set Output Port Bits” command,
user is setting the bits (to logic “1”) in the appropriate
However, this action results in setting the corres |
Output Port pins to logic “0”; due to the comgl ent@‘y
relationship between the state of the Output Ié‘p

the bits in the OPR. Likewise, when eit Iea

Port Bits command is invoked, the specifj e‘%n |th|§\
corresponding OPR are “cleared” to |
the corresponding Output Port p|ns

state. &Q ‘b

The state of each bit within both of t (yls following a
Power-on Reset (POR), is all "0”. Therefore, the state of
each Output Port pin, following a POR is logic “1”.

&@gg,gii

The bits of the OPR can be set and cleared individually. A
bit is set by the address-triggered “Set Output Port Bits n”
command (see Table 1) with the accompanying data, at
the Data Bus, specifying the bits, within the OPR, to be set
(1 =set, 0 =no change). Abitis cleared by the address
triggered ‘Clear Output Port Bits n” command (see
Table 1) with the accompanying data, at the Data Bus,
specifying the bits to be reset (1 = cleared, 0 = no change).

ANV S LSS
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F.1 Writing Data to the OPRs/Output Port Pins

As mentioned earlier, the state of the OPRs and
consequently, the Output Port pins is controlled by four
“Address Triggered” commands.

e Set Output Port Bits #1 Command
e Set Output Port Bits #2 Command
e Clear Output Port Bits #1 Command
® Clear Output Port Bits #2 Command

The procedure and effect of using these commands are
discussed below.
@ O

F.1.1 Set Output'&rt&ts Command

0

The actual pré g(}used to invoke the “SET OUTPUT

PORT BIT, 1”@)mmand is the same as writing the
contents th Qata Bus (D7 - DO) to QUART Address
OEqgf P0). For every “1” that exists within the
latc c t nts of the Data Bus, the corresponding bit,
wi®1 Q i§ set to a logic “high”. For every “0” that is

ata bus and is written to QUART Address
te of the corresponding bit, within OPR1 is

ese

@Uuld state this another way as: For every “1” that is
nt on the Data Bus, during the use of the “Set Output

&)
ért Bits #1” command, the corresponding Output Port
i

nis set to a logic “low”. And for every “0” that is present

ndz on the Data Bus, during this command, the state of the

corresponding Output Port pin is unchanged.
For Example

Suppose that the content of OPR1 are OPR1[7:0] = [0, O,
0,0, 1,1, 1, 1]. Hence, the state of the Output Port pins
are as follows:

[OP7, OP6, OP5, OP4, OP3, OP2, OP1, OP0] =
0,0, 0, 0]

If we write the following to QUART Address OEjg;
[D7...,D0]=[1,1,1,1,0,0, 0, 0]; the resulting state of the
Output Port Register Bits follows:

OPR1[7:0] =[1,1,1,1,1,1,1,1].

[1!1’1’1!

Consequently, the state of the Output Port pins are as
follows:

[OP7, OP6, OP5, OP4, OP3, OP2, OP1, OP0] =

0,0, 0, 0]
TEM

[0,0,0,0,

™
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State of Output Port Pins (OP7 - OPQ)

Initial OPR1[7:0] |0|0|0|0 1|1|1|1| |1|1|1|1 0|0|0|0|

Data Bus, D7 - DO

1]1]1]1]1211]J]0]J]0]J]0]O —_— DUART Address OEh

L)
Final OPR1[7:0] Tl :1:1:1: o & I'q ololo
Figure 38. lllustration of the “Set Output Port Bit #1” Co nd Its Effect on the
Output Port Register and the State of the (m ort Pins
O
& &

This example of the “Set Output Port Bits #1” command is ?@;e@ ut Port Bits #2” command is very similar to
illustrated in Figure 38. .tg Port Bits #1” command except that the
In summary, for the “Set Output Port Bits #1” command; 'te to QUART address 1E. Figure 38A

Dn = 0; results in no change for OPR1[n], nor Output P pr |IIustration of the “Set Output Port Bits #2"
pin OPn. and its effect on the Output Port Register and
Dn = 1; results in OPR[n] = “1”, and Output Port pi Of the Output Port pins.
OPn ="0" *
0
\\ QQ 00 State of Output Port Pins (OP15 - OP8)
Initial OPR2[7: W~ é
nitial [7:0] OOéOlg\'ll 1]1]1]111]0]0]0]O
\ o ]
X 2
o 0
Data Bus, D7 - DO ?1 ‘L }\&1 ofolo]o| — DUART Address 1Fh
O
>
Final OPR2[7:0] a2l T:T: olololololololo

Figure 38A, lllustration of the “Set Output Port BiT #2” Command and its Effect on the
Output Port Register and the State of the Output Port Pins.
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In summary, for the “Set Output Port Bits #2” command;

Dn = 0; results in no change for OPR2[n], nor Output Port
pin OP(n+8)

Dn = 1; results in OPR2[n] = “1”, and Output Port pin,
OP(n+8) = “0”

F.1.2 Clear Output Port Bits Command

The procedure for invoking this command is very similar
to that for “Set Output Port Bits CoOMMANDSs”; except in
that the user now writes to QUART address OF for output
port pins [OP7,...,0P0] and to QUART address 1F for
output port pins [OP15, ...., OP8].

For every “1” that is “written” to this address, the
corresponding bitin the OPR register is set to a logic “low”
and the corresponding Output Port pin is set to a logic
“high”. For every “0” that is written to this address, the

state of the corresponding OPR register bit, and in turn
the state of the Output Port pin is unchanged.

For example

Suppose that the contents of the Output Port Register 1,
OPR1=[1,1,1,1,1, 1,1, 1]. Consequently, the state of
the Output Port pins are:

[OP7, OP6, OP5, OP4, OP3, OP2, OP1, OP0] =
0,0, 0, 0]

[O! 0’ 0’ 0’

If we were to write [D7,...,D0] =[1,1,1, 1,0, 0,0, 0] to
QUART address OF, the resulting contents of the Output
Port register 1 will be:

OPR1[7:0] = [0, 0, 0 %1 1

H ) H 1 H 1]
.,
@t @he Output Port pins will be:

[OP7, OPS, OP."i(\;)Pza&’s OP2,0P1,0P0]=[1,1, 1,1,
0,0, 0, 0]

Further, the resulti

This exa
is |IIustr§

0

&&‘”

of Clear Output Port Bits #1 ” command
ure 39.

te of Output Port Pins (OP7 - OPO)

Initial OPR1[7:0] BRERE 1|1|1"$| 0©|0|0|0|0 ofofo]o]
© 0‘9@
Q N\
Data Bus, D7 - DO 11101 1\0\ 0 . DUART Address OEh
Final OPR1[7:0] 1]1|1]12]o|o]ofo
Figure 39. lllustration of the “Clear Output Port BIT #1” Command and Its Effect on the

Output Port Register 1 and the State of the Output Port Pins

In summary, for the “Clear Output Port Bits” command;

Dn =0, results in no change for OPR1[n] and no change in
the state of the Output Port pin, OPn.

Dn =1, resultsin OPR1[n] = 0, and sets the corresponding
Output Port pin, OPn, to a logic “1”.
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The “Clear Output Port Bits #2” command is very similar to
the “Clear Output Port Bits #1” command except that the
user now write to QUART address 1F. Figure 39A
presents an illustration of the “Clear Output Port Bits #2”
command and its effect on the Output Port Register and

the state of the Output Port pins.
TEOM
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State of Output Port Pins (OP15 - OP8)

Initial OPR2[7:0] 1111111} 1]11]111]1 ojojojojotjofjojo

Data Bus, D7 - DO 11111110 j0}]J0]O B —_— DUART Address 1Fh

Final OPR2[7:0] ojojofjoj1fj1]1]1 | Sﬁt !@[1 oJjojJjoj]o

Figure 39A. lllustration of the “Clear Output Port Bit #ZQ,Q and and Its Effect on
Output Port Register 2 and the State of t@u@lt Port Pins

& &

F.2 Output Port Configuration Registers (OPCR1 and OPCR@Q

The Output Port pins can be used as General Purpose Ou can be configured to used in alternate
functions. Table 22 lists the Alternate Functions of each o 04@ pins.

Output Port \)Altﬁéteﬁbnctlon(s)

OPO -RTSA: Request-to-Send (RTS) o {g‘ﬁ fo@h‘éi@YA Note: This output is Active Low for the RTS
function.

OP1 -RTSB: Request-to-Send RTQ outp@for nnel B. Note: This output is Active Low for the RTS
function. &

OoP2 TXCA_16X Output: Ch I A&@( smltter Clock Output:
TXCA_1X Output: C eI& TQ mitter Clock Output
RXCA_1X: Output: A eceiver Clock Output.

OP3 TXCB_1X Outpu Transmltter Clock Output:
RXCB_1X O nn Recelver Clock Output.
C/T1_RDY: er Ready Output for C/T #1. Note: This output is an Open-Drain output
when used as th /Timer Ready Output.

OP4 RXRDY/-FFULL_A &tput Channel A Receiver Ready/FIFO Full Indicator. Note: This is an Open-
Drain, Active-low output for the RXRDY/FFULL_A function.

OP5 RXRDY/-FFULL_B Output: Channel B Receiver Ready/FIFO Full Indicator. Note: This is an Open-
Drain, Active-low output for the RXRDY/FFULL_B function.

OP6 -TXRDY_A Output: Channel A Transmitter Ready Indicator. This is an Open-Drain, Active-low output
for the TXRDY_A function.

OP7 -TXRDY_B Output: Channel B Transmitter Ready Indicator. This is an Open-Drain, Active-low output
for the TXRDY_B function.

OP8 -RTSC: Request-to-Send (RTS) output for Channel C. Note: This output is an Open-Drain, Active Low
signal for the RTS function.

OoP9 -RTSD: Request-to-Send (RTS) output for Channel D. Note: This output is an Open-Drain, Active Low
signal for the RTS function.
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Output Port Alternate Function(s)

OP10 TXCC_1X: Channel C 1X Transmitter Clock Output
TXCC_16X: Channel C 16X Transmitter Clock Output:
RXCC_1X: Channel B 1X Receiver Clock Output.

OP11 TXCD_1X: Channel D 1X Transmitter Clock Output
RXCD_1X: Channel B 1X Receiver Clock Output.
C/T2_RDY: The Counter/Timer Ready Output for C/T #2. Note: This output is an Open-Drain output
when used as the Counter/Timer Ready Output.

OP12 RXRDY/-FFULL_C: Channel C Receiver Ready/FIFO Full Indicator. Note: This is an Open-Drain,
Active-low output for the RXRDY/FFULL_C function.

OP13 RXRDY/-FFULL_D: Channel F Receiver Ready/FIFO Full Indicator. Note: This is an Open-Drain,
Active-low output for the RXRDY/FFULL_D function.

OP14 -TXRDY_C: Channel C Transmitter Ready Indicator. This is an Open-Drajn, Active-low output for the
TXRDY_C function. 0 8

OP15 -TXRDY_D: Channel D Transmitter Ready Indicator. This is an &gfn Active-low output for the
TXRDY_D function. O

— K3
Note: The “shaded” Output Port pin alternate functions are only available in the 6 pnx%%c package option.
9

Many of the Alternate Functions of the various Output Port pi{?ﬁe

Table 22. Listing of the Alternate FuncthroQor

OPCRs. The bit format of these two registers follows.

Output Port

%ected by writing the appropriate data to the

* S\

2\ Q
r\? JQ (a)
Bit 7 Bit 6 Bit 5 \o" AQBit\A.Q’ Bit3 | Bit2 Bitl | Bit0
OP7 OP6 OP5 A OP3 oP2
0=0PR1[7] |0=OPRI1[6] 0 = OPR1[5] NEY 00 = OPR1[3] 00 = OPR1[2]
1=-TXRDYB |[1=-TXRDYA |1=RXRDY/- FFLQ_% @ P@DY/ FFULLA |01 = C/T #1 Output |01 = TXCA (16X)
0 10=TXCB(1X)  [10=TXCA (1X)
,,$ 11 =RXCB(1X) |11 = RXCA (1X)
b v \"
Table 23.*Ou£&ngoQ80nfiguration Register 1 - OPCR1
R N
@ &
O X9
Bit 7 Bit6 Y x‘b RS Bit 4 Bit3 | Bit2 | Bitl1 [ BitO
OP15 OP14 ~ pdP13 OP12 OP11 OP10
0=0PR2[7] |0=OPR2[6] 0 = OPR2[5] 0 = OPR2[4] 00 = OPR2[3] 00 = OPR2[2]
1=-TXRDYD |[1=-TXRDYC [1=RXRDY/-FFULLD |1 =RXRDY/-FFULLC |01 =C/T #2 Output 01 = TXCC (16X)
10=TXCD (1X) |10 ="TXCC(1X)
11 =RXCD (1X) |11 = RXCC(1X)

Table 24. Output Port Configuration Register 2 - OPCR2

Note: the OPCRs only addresses the alternate functions for Output Port pins, OP2 - OP7 and OP10 - OP15. OPO0, OP1,
OP8and OP9 assume their RTS roles if either MR1n[7] =1 or MR2n[5] = 1. Setting those Mode Register bits enables the
RTS function. Otherwise, these two ports will only be General Purpose Output Ports.

™
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F.3 44 Pin PLCC Packaged QUARTSs

The 44 pin PLCC packaged devices have only four output
ports, OP0, OP1, OP8 and OP9. Hence the effect of the
“Set Output Port Bits” and “Clear Output Port Bits”
commands only effects these four pins. Additionally, the
OPCR registers have no effect on the performance of the
44 pin packaged QUART, since these registers allow the
user to specify the alternate functions for Output Port pins
OP2 - OP7, and OP10 - OP15. Hence, -RTSA, -RTSB,
-RTSC and -RTSD are the only alternative output port pin
functions available to this version of the XR82C684.

G. SERIAL CHANNELS A, B, Cand D

Each serial channel of the QUART comprises a
full-duplex asynchronous receiver and transmitter. The
four channels can independently select their operating
frequency (from the BRG, the C/T#1 or C/T#2, or an
external clock) as well as operating mode. Besides the
normal mode in which the receiver and transmitter of each
channel operate independently, the QUART can be
configured to operate in various looping modes, which are
useful for local and remote diagnostics, as well as in a
wake up mode used for multi-drop applications.

In this section certain symbols will be used to denote
certain aspects of the Transmitter and Receiver.
definition of some of these symboils follows.

TXDn - Transmitter (Serial) Data Output for Chan
TXCn - Transmitter Clock Signal for Channel n

A
”d‘” °%&

ﬁhrough the FIFO, until it reaches the TSR. During the

This section of the data sheet discusses the resources
that are available to each channel. These resources are
listed below:

® Transmitter (Transmit Holding Register and Transmit

Shift Register)

Receiver (Receive Holding Register and Receive
Shift Register)

Status Register
Mode Registers

Command Register (See Section B.2, Command
Decoding)

Clock Select Reg&@er &’ Section D, Timing
Control Block)

G.1 Transw@r (R&and THR)

The tran &cepts parallel data from the CPU and
convenQNt t erlal bit stream where it is output at the
TXD ing start, stop and optional parity bits as
re@reﬁ,&hiasynchronous protocol.
r consists of a Transmit Shift register (TSR)
mit Holding Register (THR). The THR is
byte FIFO. Figure 40 presents a simplified
n of the TSR and THR. The CPU initiates the
mission of serial data by writing character data to the
The character will be loaded into and processed

al \5.3

RXDn - Receiver (Serial) Data Input for Cha&é&n Q@ o transmon from the THR to the TSR, the character data is

\.‘b\:o
& (‘o
3 N

N

RXCn - Receiver Clock Signal for Chanlg@’

Al
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serialized and is transmitted out of the chip via the TXDn pin.
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Transmitter Clock (from Timing Block)

TXCn Transmit Shift Register

- ———————  TXDn

Outgoing
Serial Data

From Data Bus:
Parallel Data from
the CPU

L

5 O
\\\

O s(b

,b(‘

Figure 40. A Simplified Drawing Depicting the Transmit SI@QG@Q% and the Transmit Holding Register

& o

Whenever a transmitter is idle or inactive, the TXDn ‘D\ t@q significant bit of the character will be sent

Transmit Holding Register Q

\0

output for that particular channel will be contmuouslyo fir d by progressively more significant bits. If the
marking (at a logic “high”). However, just prior to t iICation protocol calls for it, the Transmitter will
transmission of a character, the transmitter alerts&ﬁe e “parity” bit between the most significant bit of the
receiver by generating a “START” bit. The STAR it i\ acter and the STOP bit. Figure 41 presents the
basically the TXDn output toggling “low” for one erl veform (format) of the transmitter (TXDn) output. In
following an idle period or the STOP bit of t th|s case, the transmitter is send 5D ¢, with 8-N-1 protocol
character. Immediately after transm|SS|on ﬁ (8 bits per character, No-parity, 1-Stop Bit).

Transmitter Idle
or Stop Bit

o QN

o

TXDn 1 * Q 1 1 1 0 1 0
/ QQ @9 qﬁ

7 & T

|

Start Bit Stop Bit
Figure 41. The Output Waveform of the Transmitter While Sending 5D (8-N-1 Protocol)

The QUART can be programmed to generate an Interrupt ~ Request anytime a Transmitter THR and TSR are empty
Request to the CPU by setting IMR1[0], IMR1[4], IMR2[0] of characters. The CPU can service this interrupt request
and IMR2[4] for Channels A, B, C, and D respectively. In by writing a character to the empty THR.

this case, the QUART would generate an Interrupt
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The Transmitter can be enabled or disabled via the
Command Register (see Section B.2). Ifthe command is
issued to disable the transmitter, while there are siill
characters in the THR and TSR, the Transmitter will
continue transmitting all of the remaining data within the
THR and TSR, until they are completely empty of
characters. No new characters can be written to the THR
once the “Disable Transmitter” command has been
issued.

G.2 Receiver (RSR and RHR)

The function of the serial receiver is to receive serial data
at the RXDn input; and convert it to parallel data, where it
can be read by the CPU. The receiver is also responsible
for computing and checking parity, if parity is being used.

The receiver consists of the Receive Shift Register (RSR)
and a Receive Holding Register (RHR). The RHRis, in
essence, athree byte FIFO. The receiver receives data at
the RXDn pin, where it is serially shifted through the RSR.
Afterwards, the data is converted to parallel format, and is
transferred to the RHR. This character is then processed
through the 3 bytes of FIFO. Once the received character
reaches the top of the FIFO, it can be “popped” or read by
the CPU; when it reads the RHR. Figure 42 depicts a
simplified drawing of the Receiver.

O O
Receiver Clock (from Timir@ck\@

RXCn

| Receive Shift Register ‘\Q G
Incoming i. b &‘b’
Serial Data Q 0
s 0 AQ
\} U’
el O e
\& N N ||—
\‘b @ » Jo Data Bus
A.éu Q} \0 To be read by the CPU
IS -
<
S Tl
c}' *Q 0 Receive
0 ‘b Q Holding
b \' o\' Register

Figure 42. A Simplified Drém%@? h%&acewer Shift Register and Receiver Holding Register

§ vel at the
RXDn input. When the far-end trans F‘ﬁjle its TXDn
output (and consequently, the input) is
continuously “marking”. During this period the Receiver is
inactive and is not receiving or processing any data.
However, when the far-end transmitter sends the START
bit, (with its TXDn output toggling “low”), a receiver clock,  »
which is 16 times the baud rate (with the 16x clock), will
start sampling this START bit. If the receiver determines
that its RXDn input is still “low” after its 7th sample, then
the receiver hardware considers this signal to be a valid
START bit. If the RXDn input is not “low” at the 7th
sample, the Receiver will ignore this downward pulse as
“noise”. From this 7th sample on, the Receiver will

ANV SV S SEA
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The receiver functions by send@ sample each successive bit at one bit-period intervals
(1/baud rate) with the 1x clock. The purpose of this 16x

Clock is then two-fold.

1. To verify that the detected “low” level inthe RXDn input
is indeed a START bit.

. To establish the phase relationship between the 1x bit
sampling clock, and the incoming serial data stream.
The idea is to sample each data bit in the middle of its
bit period.

Please note that if a 16X clock is selected for the receiver,
this over-sampling procedure occurs with each and every

start bit.
TEM
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The receiver will continue to sample (and receive) each bit
of the character that follows the START bit, at one-bit time
intervals. Upon reception of the character's MSB the
receiver will check parity (if programmed) or will sample for
the STOP bit. If the Receiver samples a mark condition at
this time and the parity check (if any) was valid; a
successful reception of the character is presumed; and the
Receiver will prepare to sense and oversample the
occurrence of the START bit for the next character.

Receiver Errors

Ifthe Receiver does not sample a “mark”, at the presumed
time of the STOP bit, a Framing Error (FE) is flagged by
setting, SRn[6] =1. If, upon complete reception of the
character, the subsequent parity check is incorrect, a
Parity Error (PE) is flagged by setting SRn[5] = 1. If the
RHR was full, and another character existed in the RSR;
and if more data enters the QUART via the corresponding
RXDn pin; then the character in the RSR will be
overwritten, and a Receiver Overrun Error (OE) condition
will be flagged in the Status Register (SRn[4] = 1). This
phenomenon obviously results in a loss of data.

Finally if the RXDn input is held at the space condition for
an entire character period, and no STOP bit was detected
(STOP bit sampling resulted in a space); a Recelved
Break (RB) condition is presumed. When this condition
detected several things happen.

.éi
o o

22 EXAR

Once the RXDn input returns to the “mark” condition,
subsequent characters will be loaded into the RHR, and
the corresponding “Delta Break” interrupt condition will
once again be requested (if programmed) and flagged in
the Interrupt Status Register.

The QUART can be programmed to generate an Interrupt
Request to the CPU if a RXRDY (Receiver Ready) or a
FFULL (FIFO Full) Condition exists within any of the four
channels. A RXRDY Condition exists when at least one
character of data exists within the RHR, and is ultimately
waiting to be “popped” and read by the CPU. The FFULL
condition exists when the RHR is completely full and cannot
accept any new characters from the RSR until the CPU has
read or “popped” th The user can select the
Interrupt Request t@cu &e to either (but not both) the
RXRDY or FF iton via the Channel Mode
Registers. Th ts are enabled by setting IMR1[1],
IMR1[5], IMR ]a@MR2[5] for Channels A, B, C, and D

respectlve% Q\)

Each # equipped with numerous other registers
that to provide control and monitoring of these
r§\nal e of these registers were discussed in

|er@¥c of the data sheet. However, a detailed
f the remainder of these registers are
t@oelow

1. The “Received Break” condition is flagged Q\he\ %@ Mode Registers, MR1n and MR2n

Status Register (SRn[7] = 1).

2. The “Break” character is loaded into the RH \Ho ver
no further data is received or loaded intofbe un@
the RXDn input returns to the “mark” c@h%

“Delta Brgak” erru@
Q‘? $ gs*errupt

.(9 RN

3. The corresponding
requested (if programmed) and fl
Status Register.

The Mode Registers, allow the user to specify of the
protocol parameters that he/she wish the channel to run
at. These registers also allow the user to configure the
QUART channels to engage in modem handshaking
techniques. The bits of each of these registers are
discussed below.

Bit 7 Bit 6 5(\ Bit 4 Bit 3 Bit 2 Bit 1 | Bit 0
Rx RTS Rx Interrupt Error I\@?je Parity Mode ParitySelect Number of Bits
Control Select Select per Character
0=No 0=RxRDY 0=Character 00 = With Parity 0 = Even 00=5
1="Yes 1=FFULL 1= Block 01 = Force Parity 1= Odd 01=6

10 = No Parity 10=7
11 = Multi-Drop Mode 11=8

Table 25. Mode Registers - MR1A, MR1B, MR1C, MR1D

MR1n for each channel is accessed when the channel’s MR pointer points to MR1.

The pointer is set to MR1n by a

hardware Reset or by a “Reset Mr Pointer” command invoked via the channel’'s command register. After any read or

write to MR1, the MR pointer will automatically point to MR2.

ANV S LSS
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Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit2 | Bit1 [ Bt
Channel Mode Tx RTS Control | CTS Enable Tx Stop Bit Length
00 = Normal 0=No 0=No 0 =0.563 8 =1.563
01 = Auto Echo 1=Yes 1=Yes 1=0.625 9=1.625
10 = Local Loop 2=0.688 A=1.688
11 = Remote Loop 3=0.750 B =1.750
4=0.813 C=1.813
5=0.875 D =1.875
6 =0.938 E =1.938
7 =1.000 F =2.000

Table 26. Mode Registers - MR2A, MR2B, MR2C, MR2D

MR1n[7] - Receiver Request to Send Control

Ordinarily, RTS (Request to Send) is asserted or negated
by invoking the “Set Output Port Bits Command” or “Clear
Output Port Bits Command” in the appropriate manner.
However, if MR1n[7] = 1 is set, then the Receiver will have
control over the negation of the -RTS output. Specifically,
setting this bit will allow the Receiver to negate -RTS if its
RHR is full. This “flow control” technique is useful in
preventing Receiver Overrun Errors.

Figure 42 presents a diagram which illustrates how
Receiver-Controlled  Request-to-Send conflgura’%@
would function. Q

\°
This bit selects either the RXRDY status bii\r t e‘é:%?
status bit of the channel to be used eri

generating an Interrupt Request to th( P, @nd Qttmg
the following Interrupt Status R1[1],

Re
ISR1[5], ISR2[1], and ISR2[5] fo@én@?A@ and D,

respectively.
‘b

MR1n[6] - Receiver Interrupt Select

MR1n[5] - Error Mode Select

This bit controls the operation of the three FIFO status bits
(PE, FE, Received Break) for the Channel. If this bit is set
to “0”, this particular channel will operate in the
“Character” Error Mode. If this bits is set to “1”, this
particular channel will operate in the “Block” Error Mode.

In the character mode these status bits apply only to the
character that is currently at the top of the FIFO. In the
block mode, these bits represent the cumulative logical
OR of the status for all characters coming to the top of the

ANV SV S SEA
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FIFO since the Ias@esq@rror Status” command for the

Channel was |§s<e

MR1n[4:3] Q’én@ode Select

If “with p@ Qbrce parity” operation is programmed, a
parity ed to the transmitted characters and the
recetypr p rms a parity check on received characters.

aoﬁ e\] #.2 for description of Multi-Drop Mode

QQPanty Type Select

selects ODD or EVEN parity if “With Parity Mode” is
ammed and the state of the forced parity bit if the
%)rce Parity” mode is programmed. In the Multi-Drop

Q ode it selects the state of the A/D flag bit. This bit has no

effect if “No Parity” is selected in MR1n[4:3].

MR1n[1:0] - Bits per Character Select

Selects the number of bits to be transmitted and received
in the data field of the character. This does not include
START, PARITY, and STOP bits.

Mode Register 2 (Channels A, B, C and D)

MR2n for each Channel is accessed when the Channel’s
MR Pointer points to MR2n, which occurs after any
access to the Channel's MR1 Register. Subsequent
“reads” or “writes” to MR2n does not change the contents
of the MR pointer.

MR2n[7:6] - Channel Mode Select

Each Channel can operate in one of four modes.

e Setting MR2n[7:6] = 00 configures the channel to
operate in the Normal Mode. In this mode, the

TOM
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receiver and transmitter operate independently. e Setting MR2n[7:6] = 01 places the channel in the
Figure 42 presents a diagram depicting Normal Automatic Echo Mode, which automatically re-trans-
Mode Operation. mits the received data. Figure 44 presents a dia-
gram depicting Automatic Echo Mode Operation.
The following conditions apply while in this mode.

RXCn TXCn
RXDn TXDn

Transmit Shift Register f—— Outgolsr;gt;aSerlal

Incoming

Serial Data —————™ Receive Shift Register

Transmit Holding
Register

Receive Holding
Register

O" A
(T bTODc?‘%?#SCPU) 60 QQ’
0O De rea y the

6 From Data Bus
(Parallel data from the CPU)

Figure 43. A Block Di@gm@ep@ng Normal Mode Operation
O

\.\ ©
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RXCn
RXDn
—_—

Incoming
Serial Data

Receive Shift Register

Receive Holding
Register

- 8

\

To Data Bus
(To be read by the CPU)

Figure 44. A Block Diagram D@\c

TXCn

TXDn
F—>

Outgoing Serial

Transmit Shift Register

Data

Transmit Holding

Register

O O
\

& ¢
.\(\ 6\,
Q

S
,‘0 >
C as No Access to
he Transmitter

\“\

¢ Echo Mode

0
N

0«0

. Received data is transmitted on the channel’s T)b

output.

2. The receiver must be enabled but the transmltheg§
not be enabled.

3. The channel's TXRDY and TXEMT k#s a@
inactive.

4. The received parity is checked bu \Qgﬁer Qd for
transmission. Thus, transmitte nty@ asgelved.

5. Character framing is che

transmitted as received.

c&?%ﬂ@e&@ bits are
2
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écelved break is echoed as received until the next
d start bit is detected.

PU to receiver communications operates normally,
but the CPU to transmitter link is disabled.

Each QUART channel can be configured into one of two
diagnostic modes.

Local Loopback Mode

This mode is selected by setting MR2n[7:6] =
Figure 45 is a diagram depicting Local Loopback Mode
operation.

™
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- Vee
TXCn
RXDn Receive Shift Register Transmit Shift Register
—— TXDn
Transmit Holding
Register
Receive Holding
Register
9 &b
N
6\ @0
-8 Q
~
. Q(\ ‘b(\
> &
1] Q
To Data Bus Q %rom Data Bus
(To be read by the CPU) \& @a *ta from the CPU)
LEP
Figure 45. A Block Diagram De;@ @%c%}mpback Mode Operation
In this mode: Q \ éhe channel’s RXDn input is ignored.
1. The transmitter output is internally connec‘\ tOQQ« ‘5 The transmitter is enabled, but the received need not
receiver input. be enabled.

2. The transmit clock is used for the re ‘b Q 6. CPU to transmitter and receiver communications
3. The channel’s TXDn output is held kl§’(h|g@ continue normally.

¢ &N
Q >
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Remote Loopback Mode

This mode is selected by setting MR2n[7:6] =
Figure 46 presents a diagram depicting Remote
Loopback Mode operation.

RXCn TXCn
Incoming _RXDn . : : 4 Qi : TXDn  Qutgoing
Serial Data Receive Shift Register Transmit Shift Register Serial Data

Transmit Holding

Register
Receive Holding p.
Register 6\6 00
>
QO XN
6\ ,bo
R
Note: The CPU has no access ot the Serial Data durin@mon@oopback Mode.
Figure 46. A Block Diagram Deplctmg@n& Loopback Mode
o

In this mode; \% @ear to Send Control
1. Received data is transmitted on the channel’'s TX%Q %s ,\s a 0, the channels -CTS input (IPO for Channel
output o or Channel B, IP8 for Channel C, or IP9 for
2. Received data is not sent to the CPU and th ror\o Channel D) has no effect on the transmitter. If the bit is a
status conditions are not checked. the transmitter will check the state of its -CTS input
\m g %aoh timeisitready to send a character. If-CTS is low (or
3. Parity and framing (stop bits) are tra& ﬁ% true) the character is transmitted. If -CTS is high (or
received. 0 'b ‘Q negated), -TXD remains in the marking state and the
4, The receiver must be enabled. b Qv 0 transmission of the next character is delayed until -CTS
goes low. Changes in the -CTS input while a character is

5. The received break is echoed

*ec&@% ntil the
next valid start bit is detected 8Q %

MR2n[5] - Transmitter Requét& &éontrol

Ordinarily, the RTS (Request to Send) output is asserted
or negated by invoking the “Set Output Port Bits
Command” or “Clear Output Port Bits Command” in the
appropriate manner, by the system software. However,
setting MR2n[5] = 1 allows the Channel Transmitter to
negate RTS automatically, one bit time after the
characters in the TSR and THR have been transmitted
and are now empty.

Figure 49 presents a diagram illustrate how a
Transmitter-Controlled Request-to-Send configuration
would function.
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being serialized do not affect transmission of that
character. This phenomenon is further illustrated in
Figure 47 and Figure 49.

MR2n[3:0] - Stop Bit Length

This bit field programs the duration of the stop bits
appended to each transmitted character. Stop bit
duration of 9/16 to 1 bit time and 1 9/16 to 2 bit times, in
increments of 1/16 bits can be programmed for character
lengths of 6, 7 and 8 bits. For a 5 bit character, the stop bit
duration can be programmed from 1-1/16 to 2 bit times.

If an external 1x clock is programmed for the transmitter
clock (TXCn), MR2n[3] = 0 selects a stop bit duration of
one bit time and MR2n][3] = 1 selects a duration of two bit

times for transmission.

™
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The receiver only checks for mark condition at the center
of the first stop bit (that is, one bit time after the last data or
parity bit is sampled) regardless of the programmed
transmitted stop bit length. If the receiver does not sample
a “mark” a “Frame Error” (FE) is flagged in the Status
Register.

G.4 Status Register, SRn

The channel Status Register provides the user with status
on the RHR and THR (Receiver and Transmitter FIFOs,
respectively); and serves to provide the CPU with a
measure of the quality of the reception of data by the

22 EXAR

receiver. FIFO Status indicators are useful in polled
systems and allows the CPU to check and see if the
Transmitter is empty and/or is ready for data from the
CPU. The FIFO Status indicators also indicate whether or
not the RHR has a character, which is waiting to be read
by the CPU, or is full and incapable of receiving any more
characters without an overrun. The Transmitter and
Receiver FIFO status indicators are located in the lower
nibble of the Status Register.

The upper nibble of the Status Register alerts the user of
any data reception errors. The bit-format of the Status
Register and a discussion of each bit follows:

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit,& Bit 1 Bit 0
Received Framing Parity Error Overrun TXEMT T@ ‘ Yy  FFULL RXRDY
Break Error Error ~N @
0=No 0=No 0=No 0=No 0=No 'QV=§ 0=No 0=No
1=Yes 1=Yes 1=Yes 1=Yes 1=Yes Q,btg\es 1=Yes 1=Yes

Table 27. Status Register - SRA, @

SRn[7] Received Break

This bit indicates that an all zero character of the
programmed character length was received without a @
stop bit. Only a single FIFO position is occupied when
break is received. Additional transfers into the FIFO
inhibited until the RXD line returns to the marking st

at least half a bit time. This is defined as two sucge SI
edges of the internal or external 1x clock.

When this bit is set, the channel’'s “Cha‘? ? e&
Status” bit in the ISR is set. The bit in th E \ soiqe

when the end of the break condition, a

detected.
_ A * |
The chip’s break detect logic car& Qeagaat begin
in the middle of a character. ’ 1 reak must
persist until the end of the next Charapéer l@in order forit
to be detected. >

If the Error Mode, of the channel, has been set to
“Character” Mode, this bit only applies to the Character at

the top of the RHR. This bit will be cleared if the RXDn input
is brought to a logic “high” level, in the next character.

Ifthe “Error” Mode has been set to “Block” mode, then this
bit, once set will remain asserted until the “Reset Error
Status” command has been invoked (please see
Table 2). Please note that if the Error Mode is “Block” this
bit, in the Status Register will remain set, for all
subsequent characters, independent of the condition of
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, SRD

d characters, until the “Reset Error Status”

ﬂ;&ma h@Qeen invoked.
R@%

ing Error

reception of the character bits, and any
ted parity bit, the Receiver will check for a “mark”

ﬁon one bit-time following the last data or parity bit.

is “mark” condition is the STOP bit. If the Receiver

\0 Q Oﬁioes not detect a “mark” at this time, the bit is toggled

“high” flagging the occurrence of a Frame Error (FE).

If the Error Mode has been set to “Character” Mode, this
bit only applies to the Character at the top of the RHR. If
this bit is set for a given character, it will be cleared if the
STOP bit is properly detected in the next character.

Ifthe “Error” Mode has been set to “Block” mode, then this
bit, once set will remain asserted until the “Reset Error
Status” command has been invoked (please see
Table 2). Please note that if the Error Mode is “Block” this
bit, in the Status Register will remain set, for all
subsequent characters, independent of the condition of
these received characters, until the “Reset Error Status”
command has been invoked.

SRn[5] Parity Error
This bit is set when the “With Parity” or “Force Parity”

modes are programmed and if the corresponding
character in the data FIFO was received with incorrect

parity.
TEOM
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If the Error Mode has been set to “Character” Mode, this
bit only applies to the Character at the top of the RHR. If
this bit is set for a given character, it will be cleared if the
received parity is correct in the next character.

Ifthe “Error” Mode has been set to “Block” mode, then this
bit, once set will remain asserted until the “Reset Error
Status” command has been invoked (please see
Table 2). Please note that if the Error Mode is “Block” this
bit, in the Status Register will remain set, for all
subsequent characters, independent of the condition of
these received characters, until the “RESET ERROR
STATUS” command has been invoked.

SRn[4] Overrun Error

If set, this bit indicates that one or more characters in the
received data have been lost, it is set upon receipt of a
new character when the FIFO is full and a character is
already in the RSR waiting for an empty FIFO position.
When this occurs, the character in the RSR is overwritten.

Please note that unlike the Status Register bits for FE
(Framing Error), PE (Parity Error) and RB (Received
Break), the OE (Overrun Error) indicator is always flagged
on a “Block” Error Mode basis. The OE condition is never
flagged on a character-to-character basis, and only cleared
when the “Reset Error Status” command is invoked.

SRn[3] Transmitter Empty (TXEMT)

This bit is set when the transmitter underruns. It et a%r

transmission of the last stop bit of a character

no character in the THR or TSR awa|t|n ns

This bit is cleared when the transmitter i |s

the CPU writes a new character to the\ %Q’
@

This bit, when set, indicates that thé'T empty and
ready to accept a character from the $ The bit is
cleared when the CPU writes a new character to the THR,
and is set when that character is transferred to the TSR.
TXRDY is set when the transmitter is initially enabled and
is reset when the transmitter is disabled. Characters
loaded into the THR while the transmitter is disabled will
not be transmitted.

SRn[2] Transmitter Ready (TXQ@()\Q

SRn[1] FIFO Full (FFULL)

This bit is set when a character is transferred from the
RSR to the RHR and the transfer causes it to become full,

ANV S LSS
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i.e., all three FIFO positions are occupied. ltis resetwhen
the CPU reads the RHR. If a character is waiting in the
RSR because the FIFO is full, FFULL will not be reset
when the CPU reads the RHR.

SRn[0] Receiver Ready (RXRDY)

This bit indicates that at least one character has been
received and is waiting in the FIFO to be read by the CPU.
It is set when a character is transferred from the RSR to
the RHR and is cleared with the CPU reads the last
character currently stored in the FIFO.

Please note that some of the conditions that are flagged
by the Status Re91 @ also be programmed to

generate an Inter Re@uest to the CPU. However,
there are some that are flagged by the Status
e programmed to generate an

Register tha
Interrupt. T Ritions are listed below:

° SRn[%QFra@?g Error

|ty Error

@%e'rrun Error
“I‘Qe \e em level error-checking is not employed,

ommended to validate each character by

%@e Status Register.

0
& \0 Hépeual Modes Of Operation

e|50 H 1 RTS/CTS Handshaking

The QUART can be programmed to support RTS/CTS
Handshaking, as a means of data flow control with other
devices. This section will describe a couple of options that
the QUART allows the user in implementing RTS/CTS
Handshaking. Specifically, these options are:

® Receiver-Controlled RTS/CTS Handshaking
e Transmitter-Controlled RTS/CTS Handshaking

H.1.1 Receiver-Controlled RTS/CTS Handshaking

In this mode, the Receiver has the ability to automatically
negate the RTS output (to the Transmitting device).
Specifically, this mode allows the Receiver to negate the
RTS signal if its RHR is full; and, is thereby, very effective
in preventing Receiver Overrun Errors.  Figure 47
presents a diagram of an example illustrating the
operation of the Receiver-Controlled RTS configuration.

TOM
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Receiving Device

Transmitting Device

RTSA CTSB
(OPO) (IP1)
RXDA TXDB
TXDA RXDB
CTSA RTSB
(IPO) (OP1)
FFULLA
l(OP4)
To CPU
&
IS
FFULLA ‘\Q (}'
>
NN
W oo ‘bo
e
Q
RXDA & . \(\Q q

Figure 47. Block Diagram and Timing (g&l

Receiver-RTS C&f

Figure 47 shows two QUART devices, a
Device” and a “Transmitting Device”. These
labeled such because of their role in this ex
of data betweenthem. This exampleis g
the time being, the fact that the “Receivj
transmitter and that the “Transmitij e” Qs a
receiver. Further, this example, is a of the
“Receiving Device” and Chan@?

Do - i
Device”. 60%\ b@nsml "

The example starts with the assuﬁption that the
“Receiving Device” has been programmed such that
MR1A[7] = 1. According to Section G.3, this results in
programming the “Receiving Device” for Receiver RTS
Control. Additionally, the “Transmitting Device” has been
programmed such that MR2B[4] = 1. According to
Section G.3, the Transmitter of Channel B of the
“Transmitting Device” has now been programmed to be
under -CTSB input control. In this example, the
“Receiving Device” controls the -RTSA output signal.
This output signal is fed directly into the -CTSB input of the
Transmitting Device.

ANV SV S SEA
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0 QUARTSs connected in the
uration

R

@RHRA of the “Receiving Device” is full (as depicted by
e

FFULLA output being at a logic “high”), -RTSA will
automatically be negated by virtue of the Receiver
Controlled RTS features. Consequently, the Channel B
Transmitter of the “Transmitting Device” will have its
-CTSB input negated and will not be permitted to transmit
any data to RXDA of the “Receiving Device”.

If the CPU reads (or “pops”) the RHRA of the Receiving
Device, RHRA will no longer be full, and the FFULLA
indicator will toggle false. In this case, the FFULLA
indicator is connected to some input port of the CPU. In
response to the FFULLA toggling false, the CPU would
interpret this “negative-edge” of FFULLA as an Interrupt
Request. The CPU would service this “Interrupt” by
“writing” [D7,...,D0] = [0, O, O, O, O, O, 0, 1] to QUART
address OE. This action executes the “Set Output Port
Bits # 1COMMAND” and causes OPR1[0] to toggle “high”
and Output Port pin OPO (or -RTSA) to toggle “low”.
Consequently, -RTSA is now asserted.

With the -RTSA output of the “Receiving Device” being
asserted the -CTSA input of the “Transmitting Device” is

TOM
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now asserted, as well and data transmission from the
“Transmitting Device” to the “Receiving Device” is now
permitted.

Figure 47 shows the RXDA input receiving data after
-RTSA has been asserted. However, in this example, this
newly received character now causes RHRA of the
“Receiving Device” to be full. The FFULLA indicator
status is now asserted and RTSA (of the “Receiving

For Receiving Device

MR1A[7] =1
For Transmitting Device
MR2BJ[7] = 1

| Start I

Device”) is now automatically negated via the Receiver
control over the RTS signal. Therefore, transmission
from Channel B of the Transmitting Device is, once again,
inhibited.

Figure 48 presents a flow diagram illustrating an
algorithm that could be used in implementing the
Receiver-Controlled RTS/CTS Handshaking Mode.

Assert RTSA
Write 01h to QUART Address OEh

(This invokes the “SET OUTPUT PORT
BITS #1 COMMAND” and sets the Output
Port pin, OPO to a logic “0”)

..‘0

60

2
%

O

No

RTSA is Autom‘gically
Negated by Receiver
Controlled RTS Function.

Is
> FFULLA
Negated?

Yes

Figure 48. A Flow Diagram Depicting An Algorithm That Could Be Used
to Apply The Receiver-controlled RTS/CTS Handshaking Mode
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H.1.2 Transmitter-Controlled RTS/CTS
Handshaking

In this mode, the Transmitter now has the ability to negate

Transmitting Device

the RTS output (to the Receiving Device). Specifically,
this mode allows the Transmitter to negate the RTS
signal, one bit period after emptying its THR and TSR.

Receiving Device

RTSA o P2
(OPO0) (RTS-in)
CTSA OP3
(IP0) (CTS-out)
TXDA RXDB
9 O
<
K% . 0*5 S
S &
| & &
RS
To CPU L) 4
0(\
& & 9\\
TXRDY A (}9\ *QQ)OQ
RTSA 60 Qe’ 6\ I
CTSA \_\\? (\0 éb
RXDA ¢) N4
O o

Figure 49. Bloc gra& an @mmg Sequence of Two QUARTs Connected in the

NEC

Figure 49 shows two QUART dewces, one labeled
“Transmitting Device” and the other, “Receiving Device”.
This example starts with the assumption that the
“Transmitter Device” has been programmed such that
MR2A[5] = 1, which results in programming the
“Transmitting Device” for Transmitter-RTS Control. This
example further assumes that the “Transmitting Device”
has been programmed such that MR2A[4] = 1. According
to Section G.3, the Transmitter of Channel A of the
“Transmitting Device” has now been programmed to be
under -CTSA input control

ANV SV S SEA

er-RTS Controlled Configuration

In the case of the “Receiving Device”, IP2 (RTS-in) has
been programmed to generate an “Input Port Change of
State” interrupt request to the CPU. The firmware for the
Interrupt Service Routines is written such that if the IP2
input were to change and IPCR[2] = 0, the CPU would
“write” [D7,..., DO] = [0, O, O, O, 1, O, O, O] to QUART
address OE. In this step, the Interrupt Service Routine
would invoke the “SET OUTPUT PORT BITS #1
COMMAND”, and in the process toggle OPR1[3] to a logic
“high” and the Output Port pin, OP3, (CTS-out) to a logic
“low”. This would, in turn, assert the -CTSA input of the
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“Transmitting Device” and allow it to transmit data to the
“Receiving Device”.

Once Channel A Transmitter has emptied both its THR
and TSR of data, it will negate the -RTSA output, via the
“Transmitter-RTS Control” feature. When the -RTSA
output the “Transmitting Device” is toggled “high”, the IP2
(RTS-in) is also toggled “high”, thereby generating
another “Input Change of State” interrupt request to the
CPU. With IPCR1[2] = 1, the likely Interrupt Service
Routine would be to “Write” [D7,..., DO] =[0, 0,0, 0,1, 0,0,
0] to QUART address OF. In this step, the Interrupt
Service Routine would invoke the “CLEAR OUTPUT

| START |

ASSERT RTSA

PORT BITS # 1 COMMAND?”, and in the process toggle
OP3 (CTS-out) “high”. This would in turn negate the
-CTSA input of the “Transmitting Device” and inhibit the
transmission of data from the Channel A of the
“Transmitting Device”.

Figure 50 presents a Flow Diagram which depicts an
Algorithm that could be used to implement the
Transmitter-Control RTS/CTS Handshaking Mode.
Please note that the shaded block pertain to occurrences
within the “Receiving Device”. Whereas the “White” block
pertain to operation within the “Transmitting Device.”

(Write 01h to QUART Address OEh

.,
R
Generate
“Input Port Cha of g

Interrupt (IP2)4 cej Device

-CTSA INPUT IS ASSERTED
Data transmission is now permitted

TOGGLE OP3
“LOW"

!

?ﬁi out)@

(Write 08h to&b&R@ress OEh)

Y

-RTSA is Automatically Negated by
Receiver Controlled RTS Function
(OPO toggles “High”)

Yes

TOGGLE OP3 (CTS_out) PIN
“HIGH”

-CTSA INPUT IS NEGATED ‘b Q
Data transmission is dlsabled.n Q

(Write 08h to QUART Address OFh)

Figure 50. A Flow Diagram depicting an Algorithm That Could Be Used to
Realize the Transmitter-Controlled RTS/CTS Handshaking Mode
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H.2 Multi-drop (8051 9 bit) Mode.

Each serial channel of the QUART can be configured to
operate in a wake up mode useful for multi-drop or
multiprocessor applications. This section will first present
the concept of the Multi-Drop Mode. Afterwards, the
function and procedure of operating the QUART in the
Multi-Drop mode is discussed below.

H.2.1 Concept of Multi-Drop Mode

This mode is compatible with the serial “Nine bit Mode” of
8051 family microcomputers. In this mode of operation a
“master station”, connected to a maximum of 256 slave
station is possible, as depicted in Figure 51.

Master Device

TXDn

/L
"

RXDn
00h

RXDn
01h

RXDn
FFh

RXDn
02h

Slave Devices

Figure 51. An lllustration Depicting the Q
Concept of Multi-Drop Mode \o
N 0 %

MSB \ \. X
s
T
&‘06’@ &

Qddress/Data Bit

0

LSB

8 Bit Character

Figure 52. Bit Format of Character Data Being
Transmitted in the Multi-Drop Mode
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\o @ rogrammed number of data bits, the Address/Data

The “Master Station” communicates to the “Slave
Stations” by transmitting a character (typically a byte) with
an “Address/Data” bit flag appended to the end of the
character. This typically results in nine bits of being
transmitted for every character byte, as presented in
Figure 52.

When the “Master Station” wants to transmit a block of
data to one of several slaves, it first sends out an Address
byte that identifies the “Target Slave”. An address byte
differs from a data byte in that the ninth bit is a “1” in an
Address Byte and a “0” in a Data Byte.

An Address Byte, however, interrupts all “Slaves” so that
each can examine the regeived byte to test if it (the
individual slave devitgis @g addressed. The receiver
ofthe addressed si&e il e enabled and will prepare for
reception of the gata l?&s that follows. The slaves that
were not addiesSe | leaves their Receivers disabled,
and will corﬁe

ignore the data bytes that follows.
They will i€t
is transg e@

ted again when the next address byte
the “Master Device”.
%@AWUIU Drop Operation

@annel within the QUART is programmed into

n\|3E)rop mode by setting MR1n[4:3] = “1, 1”. Inthis
transmltted character consists of a START bit,

D) flag bit; and the programmed STOP bit length. A/D

Q= 0 indicates that the character is data, while A/D = 1

Q

92

identifies it as an address.

Transmitter Operation During Multi-Drop Mode

The user/CPU controls the state of the transmitted
character by programming MR1n[2] of the channel prior
to loading the data bits into the THR. Setting MR1n[2] =
“0” results in A/D = “0” and setting MR1n[2] = “1” results in
A/D =*“1". Figure 53 presents a procedural flow diagram
for transmitting characters (Address or Data), while in the
Multi-Drop Mode.

™
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‘ START \

Invoke the “RESET MR POINTER”
command.

(Write 1xh to appropriate Command
Register)

Set A/D Bit to “1”
(Write xxxxx1xx to MR1n Register)

Transmit Address Character
to Slave Device.
(Write Character to THRn)

Invoke the “RESET MR POINTER” *
command.

(Write 1xh to appropriate Comm

Register) 0 Q

Set A/D Bit to “0” (Write
xxxxx0xx to MR1n Register)

Transmit Data Ch Y rt&ve
Device. ‘

(Write Charast%§T®

here More Data
racters to Write to
\kctive Slave Device

O
Figure 53&

Receiver Operation During Multi-Drop Mode

When a channel has been programmed into the
Multi-Drop Mode, and the Receiver has been disabled (a
typical configuration), the Receiver will load a character
into the RHR and set the RXRDY indicator (and/or
interrupt) if the A/D bitis “1” (Address flag). However, the
character will be discarded if its A/D bit is “0” (Data flag).
Therefore, in response to the RXRDY indicator, the CPU
should then read the received character and determine if

ANV SV S SEA

ram Depicting a Procedure that Can Be Used to
Tra it Characters in the Multi-Drop Mode

the address that it represents matches that of the CPU. If
the addresses do match, (indicating that it is the Target
Slave), then the CPU should enable the Receiver, in
preparation for the subsequent blocks of data.

Once the Receiver has been enabled the Receiver Serial
Data will be processed as in Normal Operation. The
received characters are accessible to the CPU by reading
the RHR. The state of the A/D flag bit is available at
SRn[5], the Status Register bit normally used to indicate
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“Parity Error’. Therefore, in conjunction with receiver
each new character, the CPU should continue to monitor
SRn[5] in order to verify that it is a “0” (Data characters).

Once the “Target CPU” detects a new address character,
SRn[5] =17, it should compare this address with its own.

If the addresses do not match, then this CPU is not the
intended recipient of the next block of data, and now
should disable the Receiver. Figure 54 presents a flow
diagram depicting a recommended procedure for
handling received characters while in the Multi-Drop
Mode.

START

Receiver is Disabled
Channel is Commanded
into Multi-Drop Mode.
MR1n[4:3] = [1, 1]

"y

Received Address

Does Newly
Reject Character Receiver
Match CPU remains Disabled

Address?

Has RXRDY
Indicator been
asserted?

No

N\
Enable Receiver b &‘b’

(Write x2h to the, 0

Appropriate C el
Command N ter) Q)

Read in Address
Character from RHRn

Is the New
Character a
Data Character
SRn[5] = 1?

Figure 54.&%@0\*?iag§% Depicting a Procedure That Can Be Used to
i ha

H.3 Standby Mode

The QUART may be placed in a standby mode to
conserve power when its operation is not required. Upon
reset, the QUART will be in the “Active Operation” mode.
A“Set Standby Mode” command issued via the channel A
Command Register disables all clocks on the device
except for the crystal oscillator, which significantly
reduces the operating current. In this mode that only
functions which will operate correctly are reading the
input port, writing the output port and the “Set Active

ANV SV S SEA

racters in the Multi-Drop Mode

Mode” command. The latter, also invoked via the
Channel A Command register, restores the device to
normal operation within 25+ s. Resetting the transmitters
and receivers and writing 00h into both of the IMRs
(Interrupt Mask Registers) before going into the Standby
mode is recommended to prevent any spurious interrupts
from being generated. The chip should be reprogrammed
after the “Set Active Mode” command since register
contents are not guaranteed to remain stable during the
standby mode. Active operation can also be restored via

hardware reset.
TEM
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. COMMENTS ABOUT THE XR82C684 IN 44 PIN
PLCC

Much of this data sheet discussed features which are
available to the QUARTSs which are packaged in the 68 pin
PLCC. However, because of the reduced number of pins
the QUARTSs in the 44 pin package do not have the
following features.

e The ability to apply external clock signals into the
Timing Control Block (other than the X1/CLK pin).

® The ability to configure some the Output Ports to
function as the TXRDY and RXRDY/FFULL indica-
tors

J. PROGRAMMING

Operation of the QUART is programmed by writing
control words into the appropriate registers, while
operational feedback is provided by status registers

which can be read by the CPU. Register addressing is
shown in Table 1.

A hardware reset clears the contents of the SRn, IMRs,
ISRs, OPRs, and OPCRs registers and initializes the
IVRs to OF 1g. During operation, care should be exercised
if the contents of control registers are to be changed,
since certain changes may result in improper operation.
For example, changing the number of bits per character
while data is being received may result in reception of
erroneous character. In general, changes to registers
which control receiver or transmitter operation should be
made only while the transmitter or receiver are disabled,
and certain changes to the ACRs should be made only
when the C/T’s are st

Qect and status registers are
ﬁel to provide total independent

marizes the bit assignments for

Mode, command
duplicated for e
operation.

each reglste

Bit 7 Bit 6 Bit 5 Bit 4 ‘b\ Bit 2 Bit 1 Bit 0
Rx RTS Con- | Rx Int Select Error Mode Parlty Mode E # Parity Number of Bits/Char.
trol SelectA Select
0=No 0=RXRDY 0= Char. 00 = Wit I&)lty C 0 = Even 00=5
1=Yes 1=FFULL 1= Block 01=F a\@e @‘ 1=0dd 01 =
10 é(:o Pd\ty @ 10=7
1= |ti-_1@o M 11=8
Table 28. Mode Regl I\%@ MR1B, MR1C, MR1D
0 (\
Bit 7 Bit 6 Bit 5 \\ng Bit 3 |  Bit2 Bit 1 Bit O
Channel Mode Tx RTS OJCT®nab@ Stop Bit Length
Control Q T)ﬁ"\
00 = Normal 0=No *0 @,— NQ 0Oh = 0.563 8h = 1.563
01 = Auto Echo 1=Ye® é\ 78);5 1h = 0.625 oh=1.625
10 = Local Loop &QQ' ,@ é\ 2h = 0.688 Ah = 1.688
11 = Remote Loop 6@ Q 3h = 0.750 Bh = 1.750
,bQ 4h =0.813 Ch=1.813
5h =0.875 Dh =1.875
6h = 0.938 Eh =1.938
7h =1.000 Fh = 2.000
Table 29. Mode Register 2: MR2A, MR2B, MR2C, MR2D
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
Receiver Clock Select Transmitter Clock Select
See Table 6 See Table 6

Table 30. Clock Select Registers: CSRA, CSRB, CSRC, CSRD

ANV SV S SEA

95

™

TOM



XR82C684
o/ /[

22 EXAR

Bit 7 | Bit6 | Bit5 | Bit4 Bit 3 | Bit2 Bit 1 | Bito
Miscellaneous Commands Enable/Disable Tx Enable/Disable Rx
See Text in Section B.2. 00 = No Change 00 = No Change
01 = Enable Tx 01 = Enable Tx
10 = Disable Tx 10 = Disable Tx
11 = Not Allowed 11 = Not Allowed
(Do Not Use) (Do Not Use)
Table 31. Command Registers: CRA, CRB, CRC, CRD
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Received Framing Parity Error Overrun TXEMT TXRDY FFULL RXRDY
Break Error Error
0=No 0=No 0=No 0=No 0=No 0z (v 0=No 0=No
1=Yes 1=Yes 1=Yes 1=Yes 1=Yes 1&&\\‘ 1=Yes 1=Yes
Table 32. Status Registers: SRA, SRB, Q\‘Sag)\
2 .o
Bit 7 Bit 6 Bit5 Bit 4 B3 N B2 Bit1 | BItO
OP7 OP6 OP5 OP4 & QYor3 OoP2
0=0PR1[7] 0=0PR1[6] 0=0PR1[5] 0=0PR1[4] )0 = QPR1[3] 00 = OPR1[2]
1=TXRDYB 1=TXRDYA 1=RXRDY/ 1=RXRDY, 0 /@q Output 01 = TXCA (16X)
FFULLB FFULLA 9 =%B (1X) 10 = TXCA (1X)
R 0& 11\MRXCB (1X) 11 = RXCA (1X)
Table 33. Output Port Ceq g{&i@?eglster 1: OPCR1
Bit 7 Bit 6 Bit5 (@t 4\\’ Bit3 [ Bit2 Bit1 | BItO
OP7 OP6 OP5 \‘\ @ "0 OP3 OP2
0=0PR2[7] 0=0PR2[6] 0=OP§{ ‘ O@ [4] 00 = OPR2[3] 00 = OPR2[2]
1=TXRDYD 1=TXRDYC 1=RX Y/Q”\' 1 RDY/ 01 = C/T #2 Output 01 = TXCC (16X)
KQ-D Q LLC 10 = TXCD (1X) 10 = TXCC (1X)
Q 9@ 5 11 = RXCD (1X) 11 = RXCC (1X)
Table Sb @ut Port Configuration Register 2: OPCR2
Bit 7 Bit 6 | Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
BRG Set Counter/Timer #1 Mode and Source Delta IP3 Delta IP2 Delta IP1 Delta IPO
Select Interrupt Interrupt Interrupt Interrupt
0 = Sett See Table 13 0 = OFF 0 = OFF 0 = OFF 0 = OFF
1 = Set2 1=0N 1=0N 1=0N 1=0N

Table 35. Auxiliary Control Register 1: ACR1
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Bit 7 Bite | Bits | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
BRG Set Counter/Timer #2 Mode and Source Delta IP11 Delta IP10 Delta IP9 Delta IP8
Select Interrupt Interrupt Interrupt Interrupt
0 = Set1 See Table 13A 0=OFF 0 = OFF 0 = OFF 0=OFF
1 = Set2 1=0N 1=0N 1=0N 1=0N
Table 36. Auxiliary Control Register 2;: ACR2
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
Delta IP3 Delta IP2 Delta IP1 Delta IPO IP3 P2 IP1 IPO
0=No 0=No 0=No 0=No 0 =Low 0 =Low 0 =Low 0 =Low
1=Yes 1=Yes 1=Yes 1=Yes 1 = High 1 = High 1 = High 1 = High
Table 37. Input Port Configuration Register 1, IP%Rl 6
RN K 2
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 ‘@It 2\ Bit 1 Bit O
Delta IP11 Delta IP10 Delta IP9 Delta IP8 P11 3#’ IP9 IP8
0=No 0=No 0=No 0=No 0 =Low 0 =Low 0 =Low
1=Yes 1=Yes 1=Yes 1=Yes 1 =High , igh 1 = High 1 = High
Table 38. Input Port Configuratio a r 2, IPCR2
_ _ _ _ QO . _
Bit 7 Bit 6 Bit 5 Bit 4 @‘B&Q 05 Bit 2 Bit 1 Bit 0
Input Port Delta Break RXRDY/ TXRDYB q oynter e Delta Break RXRDY/ TXRDYA
Change B FFULLB K 4 Aéaq A FFULLA
0=No 0=No 0=No 0=No A& Q\_M%O 0=No 0=No 0=No
0
1 =Yes 1=Yes 1=Yes 1—Ye& O &s 1=Yes 1=Yes 1 =Yes
Table 39. |r5&rru€95t:;‘§ Register 1, ISR1
<
Bit 7 Bit 6 Bit 5 \0 % Bit 3 Bit 2 Bit 1 Bit O
Input Port Delta Break RXRD& &(Rln Counter #2 | Delta Break RXRDY/ TXRDYC
Change D FFUL Ready C FFULLC
0 =No 0=No o,sr)p 0 =No 0=No 0=No 0 =No
1 =Yes 1=Yes 1‘ 2 Yes 1 =Yes 1=Yes 1=Yes 1 =Yes
N N .
&Ie@ Interrupt Status Register 2, ISR2
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
Input Port Delta Break RXRDY/ TXRDYB Counter #1 | Delta Break RXRDY/ TXRDYA
Change B FFULLB Ready A FFULLA
0 = Off 0 = Off 0 = Off 0 = Off 0 = Off 0 = Off 0 = Off 0 = Off
1=0n 1=0n 1=0n 1=0n 1=0n 1=0n 1=0n 1=0n
Table 41. Interrupt Mask Register 1, IMR1
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Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Input Port Delta Break RXRDY/ TXRDYD Counter #2 | Delta Break RXRDY/ TXRDYC
Change D FFULLD Ready C FFULLC
0 = Off 0 = Off 0 = Off 0 = Off 0 = Off 0 = Off 0 = Off 0 = Off
1=0n 1=0n 1=0n 1=0n 1=0n 1=0n 1=0n 1=0n
Table 42. Interrupt Mask Register 2, IMR2
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
C/T(15) C/T(14) C/T(13) C/T(12) C/T(11) C/T(10) C/T(9) C/T(8)
Table 43. Counter/Timer Upper Byte Register, CTUR (applies to CTUR1 and CTUR?2)
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit, 2 b Bit 1 Bit 0
C/T(7) C/T(6) C/T(5) C/T(4) C/T(3) {9 cmo) C/T(0)
Table 44. Counter/Timer Lower Byte Register, CTLR (appk@toe&Rl and CTLR2)
O L@
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 (\ oot 2 Bit 1 Bit 0
IVR(7) IVR(6) IVR(5) IVR(4) IVR(Q\ 'O IVR(2) IVR(1) IVR(0)

Table 45. Interrupt Vector Register: IVR&p[%& to IVR1 and IVR2)

0

K. Timing Diagrams @ 0@
oa° $ Qa
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Q \ N2
A 2.0V \ (\ 0 / 2.0V
4?/ ) 9 /é/@est Levels — .
0 < O
SO
,(00 LR
¥ o

Figure 55. In&lt and Output Levels for Timing Measurements

Note: AC testing inputs are driven at 0.4V for alogic “0” and 2.4V for alogic “1” except for -40 to 85°C and -55 to0 125°C,
logic “1” shall be 2.6V. Timing measurements are made at 0.8V for a logic “0” and 2.0V for a logic “1".
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-RESET
(68 Mode)
RESET
(88 Mode)
tRES
Figure 56. Reset Timing
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Figure 57. XR82C684 Read and Write Cycle Timing (88 Mode)
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Figure 59. XR82C684 I%éd @e ?N.ing (68 - Mode)
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Figure 60. XR82C684 Write Cycle Timing (68 - Mode)
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Figure 63. Interrupt Timing
C1: 10pF + (Stray < 5pF)
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Figure 64. Clock Timing
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44 LEAD PLASTIC LEADED CHIP CARRIER

(PLCC)
Rev. 1.00
D c .
>l Seating Plane
D1 45° x H2 45° x H1 r ——| }—— A,
o o o o o o o | L ] -
2 1 44 _—
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|« Ds | 00 60& R
O \00 Q}e —
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MILLIMETERS
-
NN XUMAX MIN  MAX
Qo.165CY 0.180 4.19 4.57
0.120 229 3.05
‘&2 . 0.51 —
56 D 0013 0021 0.33 0.53
By ‘b\ 0026  0.032 0.66 0.81
C 0008 0013 0.19 0.32
0685  0.695 17.40  17.65
D, 0650  0.656 1651  16.66
Dy 0590  0.630 1499  16.00
D3 0.500 typ. 12.70 typ.
e 0.050 BSC 1.27 BSC
H1 0042  0.056 1.07 1.42
H 0042  0.048 1.07 1.22
R 0025  0.045 0.64 1.14

Note: The control dimension is the inch column
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68 LEAD PLASTIC LEADED CHIP CARRIER

(PLCC)
Rev. 1.00

2 168

T

Bl

22 EXAR

ating Plane
Az

MILLIMETERS

MIN MAX
4.19 5.08
220 330
K0 . 051 —
BNO O 0013 o0.02f 033 053
B Y| 0o o032 066 081
c 0008 0013 019 032
D 0985 0995 2502 2527
D; 0950 0958 2413 2433
D 0890 0930 2261 2362
D3 0.800 typ. 2032 typ.
e 0.050 BSC 127 BSC
H1 0.042 0.056 1.07 1.42
He 0042 0048 107 122
R 0.025 0.045 0.64 1.14

Note: The control dimension is the inch column
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EXAR Corporation reserves the right t @gﬁ 'kani?to the products contained in this publication in order to im-
prove design, performance or reliabili &)% ?)ratlon assumes no responsibility for the use of any circuits de-
scribed herein, conveys no license g? t or other right, and makes no representation that the circuits are
free of patent infringement. Cha d Qn contained here in are only for illustration purposes and may vary
depending upon a user’s spe&@ap 0@Wh|le the information in this publication has been carefully checked;
no responsibility, however, is ass d fa)inaccuracies.

EXAR Corporation does not recomme% the use of any of its products in life support applications where the failure or
malfunction of the product can reasonably be expected to cause failure of the life support system or to significantly
affect its safety or effectiveness. Products are not authorized for use in such applications unless EXAR Corporation
receives, in writing, assurances to its satisfaction that: (a) the risk of injury or damage has been minimized; (b) the
user assumes all such risks; (c) potential liability of EXAR Corporation is adequately protected under the circum-
stances.

Copyright 1999 EXAR Corporation
Datasheet September 1999
Reproduction, in part or whole, without the prior written consent of EXAR Corporation is prohibited.
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