KS152JB Universal Communications Controller
Technical Specifications

1.0 INTRODUCTION

The 80C152 Uiversal Communications Controller is an 8-bit microcontroller designed for the
intelligent management of peripheral systems or components. The 80C152iismtivdesf the
80C51 and retains the same functiogalithese enhancements include: a high speed multi-proto-
col serial communication interface, two channels for DMA transfers, HOLDAdhus control, a

fifth 1/0 port, expanded data memgrandexpanded program memgor

In addition to a standatdART, referred to here as Local Serial Channel (LSC), the 80C152 has
an on-board multi-protocol communication controller called the Global Serial Channel (GSC).
The GSC interface supports SDLC, CSMA/CD, user definable protocols, and a subset of HDLC
protocols. The GSC capabilities include: address recognition, collision resolution, CRC genera-
tion, flag generation, automatic retransmission, and a hardware basedladige feature. This

high speed serial channel is capable of implementing the Data Link Layer and the Physical Link
Layer as sbwn in the OSI open systems communication model. This model can be found in the
document “Reference Model for Open Systems Interconnection Architecture”, ISO/TC97/SC16
N309.

The DMA circuitry consists of two 8-bit DMA channels with 16-bit addressgbilihe control
signals; Read (RD), Write (WR), hold and hold amkledge (HOLD/HLDA) are used to access
external memoy. The DMA channels are capable of addressing up to 64K bytes (16 bits). The
destination or source address can be automatically incrementedwireBl bits of the address

can be automatically incremented. Theér 8 bits of the address are muk¥®d on the dathus

Port 0 and the upper eight bits of address will be on Port 2. Data is transoaétean 8-bit
address/datbus. Up to 64k bytes of data may be transmitted for each DMx»a#ion.

The rew 1/O port (P4) function the same as Ports 1-3 found on the 80C51.

Internal memory has been doubled in the 80C152. Data memory haaxpanded to 256 bytes,
and internal program memory has beepanded to 8 bytes.

There are also some specififeliences between the 80C152 and the 80C51. The fiiestettice
is that RESET is aiste low in the 80C152 and age high in the 80C51H. The secondfelience
is that GFO and GF1, general purpose flags in PC@hé, been renamed GFIEN and XRCLK.
GFIEN enables idle flags to be generated in SDLC mode, and XRCLK enables ther riecbe
externally clocked. All of the mviously unused bits areow being used and interrupectors
have been added to support tr@vwrenhancements.

Throughout the rest of this manual the 80C152 will be referred to generically as the “C152”. The
C152 is based on the 80C51 architecture and utilizes the same 80C51 instruction setv&here h
been no aw instructions added. All theew features and peripherals are supported bgxten-

sion of the Special FunctioneRsters (SFRs). A brief information on cpu functions as: the
instruction set, port operation, timer/counters, etc., is included in this document.
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KS152JB Universal Communications Controller
Technical Specifications

2.1 Pin Description

Table 1: PIN DESCRIPTION

Name

Description

Port O

Port O is an 8-bit open drain bi-directional I/O Port. As an output port each p
sink 8 LS TTL inputs. Port 0 pins thate 1s written to them float, and in th
state can be used as high-impedance inputs.

external program memory if EBEN is pulledw. During accesses texternal
Data Memay, Port 0 &ways emits thedw-order address byte and wes as theg
multiplexed databus. In these applications it uses strong internal pullups
emitting 1s.

Port 0 also outputs the code bytes during prograriication. External pullup
are required during prograwerification.

n can
at

vhen

\"2J

Port 1

Port 1 is an 8 -bit bidirectional 1/0 port with internal pullups. Port 1 pins Hvat
1s written to them are pulled high by the internal pullups, and in that state
used as inputs. As inputs, Port 1 pins thatexternally being pulleddw will

source current (I, on the data sheet) because of the internal pullups.

Port 1 also sees the functions ofarious special features of the 8XC152, as lig
below:

Pin Name Atteate Function

P1.0 GRXD GSC data input pin

P1.1 GTXD GSC data output pin

P1.2 DEN GSC enable signal foreaternal diver
P1.3 TXC GSC input pin fexternal transmit clock
P1.4 RXC GSC input pin fexternal receve clock
P1.5 HLD DMA hold input/output

P1.6 HDA DMA hold ackmvledge input/output

h
can be

ited

Port 2

Port 2 is an 8-bit bi-directional 1/0 port with internal pullups. Port 2 pins et
1s written to them are pulled high by the internal pullups, and in that state
used as inputs. As inputs, Port 2 pins thateaternally being pulleddw will

source current (I, on the data sheet) because of the internal pullups. port 2

the high-order address byte during fetches frexternal program memory if

EBEN is pulled dw. During accesses texternal Data Memory that use 16-f
addresses (VX @ DPTR and DMA operations), Port 2 emits the high-of
address byte. In these applications it uses strong internal pullups when e
1s. During accesses éaternal Data Memory that use 8-bit addresse©VM @
Ri), Port2 emits the contents of the P2 Special FunctiegisRr. Port 2 alsd
recaves the high-order address bits during progvanfication.

h
can be

emits
Dit

der
mitting
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Table 1: PIN DESCRIPTION

Port 3

Port 3 is an 8-bit bi-directional 1/0 port with internal pullups. Port 3 pins et
1s written to them are pulled high by the internal pullups, and in that state
used as inputs. As inputs, Port 3 pins thateaternally being pulleddw will
source current (I on the data sheet) because of the pullups. Port 3 alsxs ke
functions ofvarious special features of the MCSHdmily, as listed bew:

Pin Name Atteate Function

P3.0 RXD Serial input line

P3.1 TXD Serial output line

P3.2 INTO External interrupt O

P3.3 INT1 External interrupt 1

P3.4 T0 Timer Oexternal input

P3.5 T1 Timer lexternal input

P3.6 R External Data Memory Write strobe
P3.7 RD External Data Memory Read strobe

can be

Port 4

Port 4 is an 8-bit bi-directional I/O port with internal pullups. Port 4 pins et
1s written to them are pulled high by the internal pullups, and in that state
used as inputs. As inputs, Port 4 pins thateaternally being pulleddw will
source current I on the data sheet) because of the internal pullups. In adc
Port 4 also redees the dw-order address bytes during progreenification.

h
can be

ition,

Port 5

Port 5 is an 8-bit bi-directional I/O port with internal pullups. Port 5 pins net
1s written to them are pulled high by the internal pullups, and in that state
used as inputs. As inputs, Port 5 pins thateaternally being pulleddw will
source current (I, on the data sheet) because of the internal pullups.

Port 5 is also the multigked low-order address and datas during accesses
external program memory if EBEN is puled high. In this application it uses s
pullups when emitting 1s.

h
can be

to
frong

Port 6

Port 6 is an 8-bit bi-directional 1/0 port with internal pullups. Port 6 pins et
1s written to them are pulled high by the internal pullups, and in that state
used as inputs. As inputs, Port 6 pins thateaternally pulled ow will source

h
can be

current (], on the data sheet) because of the internal pullups. Port 6 emjts the

high-order address byte during fetches frexternal Program Memory if EBEN
is pulled high. In this application it uses strong pullups when emitting 1s.

N

XTAL1

Input to the mverting oscillator amplifier and input to the internal clock generg
circuits.

ting

XTAL2

Output from the oscillator amplifie

Reset input. A logicaw on this pin for three machirgcles while the oscillator i
running resets theedice. An internal pullup resistor permits awer on reset tg
be generated using only axternal capacitor to ¥g Although the GSC recog
nizes the reset after three machigeles, data may continue to be transmitted
up to 4 machineycles after Reset is first applied.

\"2J

for
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Table 1: PIN DESCRIPTION

>
=
-

Address Latch Enable output signal for latching twebyte of the address during

accesses texternal memoy.

In normal operation ALE is emitted at a constant rate of 1/6 the oscillator fre-

guercy, and may be used fexternal timing or clocking purposes. Notewever,
that one ALE pulse is skipped during each acceestéonal Data Memagt While
in Reset, ALE remains at a constant higrel.

Program Store Enable is the Read strobe to External Program éftwen the
8XC152 isexecuting fromexternal program memgyPSEN is adve (low). When
the device isexecuting code from External Program Memd?SEN is advated

twice each machineycle, except thatwo PSEN adwvations are skipped during
each access to External Data Meyn&hile in ResetPSEN remains at a con-

stant high ével.

External Access enablEA must beexternally pulled éw in order to enable th
8XC152 to fetch code from External Program Memory locations 0000
OFFFH.

EA must be connected tog¥ for internal progranexecution.

EBEN

E-Bus Enable input that designates whether program memory fetches tak
via Ports 0 and 2 or ports 5 andTable 2.1 sbws how the ports are used in co
junction with EBEN.

2 place
n_

E-bus program Store Enable is the Read strolegteznal program memory when

EBEN is high.Table 2.1 sbws whenEPSEN is used reiae toPSEN depending
on the status of EBEN arkeA.

\\ 4
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2.2 Special function Reqisters

The following table lists the SFR present in 80152. Note that not all the addresses are occupied
by SFRs. The unoccupied addresses are not implemented and should not be used by the cus-
toma. Read access from these unoccupied locations will return unpredictable data, while write
accesses willdve no dfect on the chip

Table 2: SFR mapfor the cpu

F8 | IPN1 FF
FO B BCRL1 BCRH1 | RFIFO MYSLOT F7
E8 J RSTAT EF
EO | ACC BCRLO BCRHO | PBRS AMSK1 E7
D8 | TSTAT DF
DO j PSW DARL1 DARH1 | TCDCNT | AMSKO D7
C8 | IEN1 CF
Co | P4 DARLO DARHO | BKOFF ADR3 Cc7
B8 JIP BF
BO | P3 SARL1 SARH1 | SLOTTM | ADR2 B7
A8 | IE AF
A0 | P2 P6 SARLO SARHO | IFS ADR1 A7
98 | SCON SBUF 9F
90 P11 P5 DCONO | DCON1 | BAUD ADRO 97
88 ] TCON TMOD TLO TL1 THO TH1 8F
80 | PO SP DPL DPH GMOD TFIFO PCON | 87

Note: SFRs in maked column are bit addressable.

2.3 RESET

The RST pin is the input to a Schmiitigger whose output is used to generate the internal system
reset. In order to obtain a reset, the RST pin must be dwlébt at least four machineycles,
while the oscillator is running. The CPU internal reset timings anersin the Figure.

Theexternal reset input RST is sampled on S5P&@ry machinecycle. If the sampledalue is
high, then the processor responds with an internal reset signal at 88Pdac¢hinecycles after
the RST being sampledw. This means that there is an internal delay of 19 to 31 clock periods

Kawasaki LSI USA, Inc. Page 6 of 120 Ver. 0.9 KS152JB
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between the RST pin being pullemM and the internal reset being generated. During this time the

CPU continues its normal operations.

The internal reset signal clears the SkER=ept the port SFRs whictade FFh written into them
and the Stack Pointer which has 07h written to it. TBEFSis towever in an indeterminate state.
The Program Counter is reset to 0000h. The internal RAM isffeatted by the reset and their

contents remain unchanged. Gower up, their contents is indeterminate.

S5

S6| S1|S2| S3| S4| S5

RST

internal reset

JARRRRRRRNNY

S6|S1|S2|S3|S4| S5

S1|S2|S3|s4

—

ALE

i

INST XADDRX INST XADDRX INST XADDRX INST XADDRX INST XADDR/

ResetTiming

Table 3: ReseWalues of the SFRs

SFR Name Resetvalue SFR Name Resetvalue
PC 0OO0O0H BRCLO-1 INDETERMINATE
ACC OOH BCRHO-1 INDETERMINATE
B OOH TLO OOH
PSW OOH THO OOH
SP O7H TL1 OOH
DPTR 0O000H TH1 OOH
PO-6 FFH ADRO-3 OOH
RFIFO INDETERMINATE | AMSKO-1 OOH
RSTAT OOH BAUD OOH
SARHO-1 INDETERMINATE | BKOFF INDETERMINATE
SARHO-1 INDETERMINATE | SLOTTM OOH

Kawasaki LS| USA, Inc.
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Table 3: ReseWalues of the SFRs

SFR Name Resetvalue SFR Name Resetvalue

IP XXX00000B SCON OOH

IE 0XX00000B SBUF INDETERMINATE
TMOD OOH PCON 0XXX0000B
TCON OOH DARLO-1 INDETERMINATE
DCONO-1 OOH DARhOO-1 INDETERMINATE
GMOD X0000000B IFS OOH

IEN1 XX000000B MYSLOT OOH

IPN1 XX000000B PRBS OOH

TCDCNT INDETERMINATE | TCON OOH

TFIFO INDETERMINATE | TSTAT XX000100B

2.4 PORT STRUCTURES AND OPERATION

The ports are all bidirectional. Each port consistsvof¢ections, the port SFR and the I/O pad.

The Ports 0 and 2 aravblved in accesses &ternal memaoy. In this case, Port O outputs the

lower byte of theexternal memory address while port 2 outputs the higher byte axtbmal
address. The Portlfus is also used as a datss for the data byte that is read or is to be written.
Therefore Port 0 is actually a time-mulégéd address/dataus. A point to note is that Port 2 out-

puts the upper 8 bits of the address only if the address is 16 bits wide, else it continues to emit the
Port 2 SFR contents.

In order that the alternate functions on the port pin aieadet correcyl, the corresponding bit
latch must be held aalue 1. If this is not done then the corresponding port pin is stuck at 0, and
external or internal inputs willdwe no éfect on the pirvalue.

I/O CONFIGURATIONS

Each indvidual port has dferent 1/0 pads to accommodate th&edent functions of each indi-
vidual port. The figure belv shows a simplified diagram of the 1/0 pads for each port.

Kawasaki LSI USA, Inc. Page 8 of 120 Ver. 0.9 KS152JB
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ADDR/DATA ADDRESS
TDNAMX vee TDNAHT Vee

Internal
Pullup

PORTOOP — PORT20P —

PORTOIP PORT2IP

1. Port O I/OPad 3. Port 2 I/OPad
Alt te Output
vee Funciion +- vee
Weak Internal
Weak Int |
Pullup I PLﬁﬁlp nternal
|'n
PORT10P _|
PORT30P

Alternate Outpu
Function

PORT3IP

PORT1IP

2. Port 1 1/OPad 4. Port 3,4,5 &6 I/CPad

Port bit I/0 Pads

As shown in Figure abve, Ports 0 and 2 can emit either their respecBFR contents or the
ADDR/DATA and ADDRESSbus, depending upon the control linesNBMX and IDNAHI.
During external memory accesses, the P2 SFR remains unchdngetle PO SFR is preset to
FFh.

Ports 1, 2, 4, 5 and &¥e internal pullups, while Port 0 has an open drain output.

Every single I/O line can be inddually configured as an input or outputowver Ports 0 and 2
cannot be used as /O ports sinogythre used as the ADDRESSATA bus.To use ay port pin

as an input, the corresponding bit latch must contain a 1. This tifinte @cive pulldown FET.

Then, for Ports 1, 2 and 3, the pin is pulled high by the internal pullup. The Internal pullup is a
weak pullup and so the pin can be pulled by a strongxternal source.

Port O, lowever has no internal pullups. The igetpullup FET is used only when the port pin is
emitting a 1 duringxternal memory accesses, else the pullugfisHence, when the port is used
as an I/0 pin; IDNDAMX is 1; the pullup FET is alwaysfb Writing a 1 to the bit latch will turnfé

the acive pulldown FET and as a result the port pin will float.

As port 1, 2 and 3dve internal pullups, #y will go high when configured as inputs and will
source current. Hencedhare also kawn as “quasi-bidirectional” ports. Port 0 on the other hand
“floats” when configured as an input and hence is called a “true bidirectional” port.

Kawasaki LSI USA, Inc. Page 9 of 120 Ver. 0.9 KS152JB



KS152JB Universal Communications Controller
Technical Specifications

Writing to a Port

During theexecution of an instruction that changes ¥hkie of a port SFR, theaw value arives

at the port latch during S6P2oWever, the port latch contents do not appear on the port pins till
the rext P1 phase. Therefore thewport data will appear on the port pins at S1P1 of tx¢ n
machinecycle.

Read-Modify-Write Feature

Each port is split into its SFR and its corresponding 1/0O pad. Therefore themgoaoptions
available for a port read access. Either the SFR latch contents can be read or the input from the 1/
O pads can be read. The instructions that read the latch, modifgltigeand write it back to the

latch are called “read-modify-write” instruction. In such instructions the latch and not the pin is
read. The instruction of this egory are listed as failvs

ANL logical AND

ORL logical OR

XRL logical XOR

JBC jump if bit = 1 and then clear bit
CPL complement bit

INC increment

DEC decrement

DJINZ decrement and jump if not zero
MOV PX.Y, C move carry bit to bit Y of Port X
CLR PX.Y clear bit Y of port X

SETB PX.Y set bit Y of X

2.5 Ports 4,5 and 6

Ports 4,5 and 6 operation is identical to Ports 1-3 on the 80C51. Ports Sedsddly on the
“JB” and “JD” version of the C152 and can either function as standard 1/O ports or can be config-
ured so that program memory fetches are performed with these twoTmodsnfigure ports 5
and 6 as standard I/O ports, EBEN is tied to a lagic When in this configuration, ports 5 and 6
operation is identical to that of porexdcept they are not bit addressablBo configure ports 5 and

6 to fetch program memgrEBEN is tied to a logic high. When using ports 5 and 6 to fetch the
program memgy, the signal EPSEN is used to enable ¢kirnal memory evice instead of
PSEN. Rgardless of which ports are used to fetch program mgnatirdata memory fetches
occurover ports 0 and 2. The 80C152JB and 80C152Jxnaitable asROMless a@vices ony.

ALE is still used to latch the address in all configuratia®le 2.1 summarizes the control sig-
nals and bw the ports may be used.

Kawasaki LSI USA, Inc. Page 10 of 120 Ver. 0.9 KS152JB
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Table 4:
EBEN | EA Program PSEN EPSEN | Comments
Fetch via

0 0 PO, P2 Active Inactve | Addresses O - OFFFFH
0 1 N/A N/A N/A Invalid Combination
1 0 P5, P6 Inactve Addresses 0 - OFFFFH
1 1 P5, P6 Inactve Active | Addresses 0 - 1FFFH

PO, P2 Active Inacive | Addresses 0 - 2000H

2.6 ACCESSING EXTERNAL MEMOR Y

External Memory is accessed if either of thediwlhg two conditions is met
1) The signaEA is low
2) Wherever the program counter (PC) contains an address greater than OFFFh.

Accesses texternal memory are of two type: External Program Memory accesses and External
Data Memory accesses. External Program Memory is accessed usit#fiNesignal as the read
strobe. External Data Memory is accessed usiniRihver WR pins to strobe the menmor

Fetches from thexternal Program Memory always use a 16 bit address, while External Data
Memory accesses caaMe addresses of 8 bit or 16 bit. Wieeer a 16 bit address is used, Port 2

is used to emit the higher byte of the address. The point to note is that ekieinal accesses,

port 2 uses strong pullups while emitting 1s. During the time Port 2 does not emit the higher
address byte, it continuously outputs the Port 2 SFR contents, which are not modified by the hard-
ware (unless of course the user writes to the Port 2 SFR). If an 8 bit address is being used, then the
Port 2 SFR contents will be outputed on the port pins throughoattir@mal memorcycle.

The lbwer byte of the address isnays multipexed with the data byte on Port 0. The ADDR/
DATA bus can dwe both the acte pullup and pulldvn FETs. Thus forexternal memory
accesses, the port 0 pins are not open-drain outputs and do notyeeeémal pullups. Théall-

ing edge of the ALE signal can be used to store the address on Ports 0 anéx2amahaddress
latch. During a writeeycle, the data to be written to teeternal Data Memory is present on Port O
pins and remains there until af\8fR is deadvated. In case of a read access, the data on Port 0
pins is read just before the demation of theRD signal.

During accesses &xternal memaoy, the CPU presets the Port 0 SFR to FFh in order to float the
Port 0 pins. Thereforeng data thawvas present in the SFR latch will be lost. If theruseites

any data other than FFh to Port O duringeaternal memorycycle, then the incoming code byte
will be corrupted. Therefore, DOOI WRITE TO Port 0O ifexternal memory is used.

Kawasaki LSI USA, Inc. Page 11 of 120 Ver. 0.9 KS152JB
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During External Memory Accesses, both Ports 0 and 2 are used for Address/ Data transfer and
therefore cannot be used for general I/O purposes. Dexiegnal program fetches, Port 2 uses
strong pullups to emit 1s.

2.7 TIMER/COUNTERS

This has two 16-biTimer/Counters, TMO andTM1. Each of théBmer/Counters has two 8 bit
registers which form the 16 bit countinggrsta. For Timer/Counter TMO thy are THO, the upper
8 bits egister and TLO, theolver 8 bit egista. Similarly Timer/Counter TM1 hasato 8 bit legis-
ters, TH1 and TL1 an@imer/Counter

When configured as arlimer”, the egister is incremented onaery machinecycle. Since a
machinecycle consists of 12 clock periods, the timer clock can be thought of as 1/12 of the master
clock. In the “Counter” mode, thegister is incremented on tl&lling edge of thexternal input
pin, TO in case of TMO, T1 for TM1. The TO, T1 inputs are samplesény machinecycle at
S5P2. If the sampledhlue is high in one machireycle and dw in the rext, then avalid high to

low transition on the pin is recognized and the cosagister is incremented. Since it takes two
machinecycles to recognize aegaive transition on the pin, the maximum rate at which counting
will take place is 1/24 of the master clock frequemn either the Timer” or “Counter” mode, the
count egister will be updated in S3P1. Therefore, in tharfer” mode, the recognizecgaive
transition on pin TO and T1 can cause the coegistervalue to be updated only in the machine
cycle following the one in which theegaive edgewnas detected.

7 6 5 4 3 2 1 0

GATE| C/T | M1 | MO |GATE| C/T | M1 | MO
ZA /

Timer 1 Timer O

GATE This bit controls the gating operations. When this bit is seflither/Counter “x”
is enabled only while “INTX” pin is high and “TRx” bit is set high. If this bit is
cleared, thedimer/Counter “X” is enabled only if “TRX”" is set.

CIT This bit selects th&imer or Counter mode of operation. If this bit is set then the
Counter mode is selected, else Timmer mode is selected.

M1, MO M1 and MO selects the operating mode forTheer/Counte

M1 MO Operating Mode

0 0 “THX" acts as a 8 biTimer/Counte, with “TLx" as the 5 bit prescate
0 1 “THx” and “TLx” are cascaded to form a single 16 bitner/Counte.
1 0 This is the Auto Reload mode.

1 1 Timer 0: TLO is an 8 biTimer/Counter controlled by thHEmer 0

control bits. THO is a 8 bit timer controlled by thiener 1 control bits.
Timer 1:Timer/Counter is stopped.

TMOD: Timer/Counter Mode Control Register

Kawasaki LSI USA, Inc. Page 12 of 120 Ver. 0.9 KS152JB
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7 6 5 4 3 2 1 0

TF1 | TR1| TFO | TRO | IE1 | IT1 | IEO | ITO

TF1 Timer loverflow flag. Set by hardware drimer/Counteoverflow. Cleared by
hardvare when processeoectors to timer 1 interrupt routine.

TR1 Timer 1 Run control bit. Set/Cleared by sadte to turnTimer/Counter on/f.

TFO Timer Ooverflow flag. Set by hardware drimer/Counteioverflow. Cleared by
hardvare when processwgectors to timer 0 interrupt routine.

TRO Timer O Run control bit. Set/Cleared by sadte to turnTimer/Counter on/i.

IE1 Interrupt 1 Edge flag. Set by hardware wieternal interrupt edge is detected.

Cleared when interrupt is processed.

IT1 Interrupt 1Type control bit. Set/ Cleared by software to specify falling edge/I
level triggeredexternal interrupt.

IEO Interrupt O Edge flag. Set by hardware wieternal interrupt edge id detected.
Cleared when interrupt is processed.

ITO Interrupt OType control bit. Set/Cleared by software to specify falling edge /I
level triggeredexternal interrupt.

TCON: Timer/Counter Control Registe.

The “Timer” or “Counter” function is selected by the T/bit in the TMOD Special Function
Regista. EachTimer/Counter has one selection bit forotgn; bit 2 of TMOD selects the func-
tion for Timer/Counter 0 and bit 6 of TMOD selects the functionTioner/Counter 1. In addition
eachTimer/Counter can be set to operaterig ane of four possible modes. The mode selection
is done by bits MO and M1 in the TMOD SFR. Modes 0, 1 and 2 are identical for bdimtmé
Countersput Mode 3 is diferent. The four modes of operation are describeaibel

MODE 0

In Mode 0, the timer/counters act as a 8 bit counter with a S5ibitledby 32 prescaiteln this
mode we Bve a 13 bit timer/counteThe 13 bit counter consists of 8 bits of THx andvielr bits

of TLx. The upper 3 bits of TLx are ignored.

The regaive edge of the clock increments the count in the Byiste. When the fifth bit in TLx
moves from 1 to 0, then the count in the THxgister is incremented. When the count in THXx
moves from FFh to 00h, then tlogerflow flag TFx in TCON SFR is set.

The counted input is enabled only if TRx is set and eit#efEs= 0 orINTx = 1.
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10 TLX

THx
Q 5 bits

8 bits — INTERRUPT

TFx

GATE
INTX
pin

Timer/Counter in Mode 0

MODE 1

Mode 1 is similar to Mode 6xcept that the countingegister form a 16 bit counterather than a
13 bit counte This means that all the bits of THx and TLx are used.

10 TLX

Q 8 bits — INTERRUPT

TFx

Tx pin

TRx

GATE
INTX
pin

%ad

THx
8 bits

Timer/Counter in Mode 2
MODE 2

In Mode 2, the timer/counter is in the Auto Reload Mode. In this mode, TLx acts as a 8 bit count
register, while THx holds the reloadalue. When the TLxegisteroverflows from FFh to 00h, the

TFx bit in TCON is set and TLx is reloaded with the contents of THx and the counting process
continues from here. The reload operatiavés the contents of the THegister unchanged

MODE 3

Mode 3 has dferent operating methods for the two timer/countéos timer/counter TM1, mode
3 simply freezes the coumt& his is the same as setting TR1 to 0.

Timer/Counter TMO bwever configures TLO and THO asd separate 8 bit courdgisters in this
mode. The logic for this mode is®in in the figure. TLO uses thBmer/Counter TMO control
bits CIT, GATE, TRO, INTO and TFO. THO is forced as a macliyme counter and kesover the
use of TR1 and TF1 froimer/Counter TM1.
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Mode 3 is used in cases whereeatra 8 bit timer is neededlVith Timer 0 in Mode 3Timer 1 can
be turned on andfbby switching it out of and into itswn Mode 3. It can also be used as a baud
rate generator for the serial port.

aEo TFO — INTERRUPT

pin

S3P1
THO
TR1 ) a o TF1 — INTERRUPT

Timer/Counter O in Mode 3

2.8 Interrupts

The cpu has a pvision for 11 diferent interrupt sources. These are the éxternal interrupts,
the three timer interrupts, the local serial port interrupt, dma interrupt and global serial port inter-
rupts.

7 6 5 4 3 2 1 0

EA -- -- ES | ET1 | EX1 | ETO | EXO

EA Global Disable bit. If this bit is cleared it disables all the interrupts at once.
If EA is 1 then interrupts can be in@tlually enabled/disabled by setting or
clearing itsown enable bit.

- reseved

ES Local Serial port interrupt enable.
ET1 Timer 1 interrupt enable.

EX1 External interrupt 1 enable.

ETO Timer O interrupt enable.

EXO External interrupt O enable

IE: Interrupt Enable Register.

The External Interrupt?NTO andINT 1 can be either edge triggered erdl triggered, depending

on bits ITO and IT1. The bits IEO and IE1 in the TC@bister are the flags which are cked to
generate the interrupt. When an interrupt is generated byekteseal interrupt inputs, gy will

be cleared on entering the Interrupt Service routine, only if the interrupt type is edge triggered. In
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case of ével triggered interrupt, the IEQ and IE1 flags are not cleared andawdltb be cleared
by the software. This is because in theel acivated mode, it is thexternal requesting source
that controls the interrupt flag bit rather than the on-chipvenel

TheTimer 0 and 1 Interrupts are generated by the TFO and TF1 flags. These flags are set by the
overflow in the Timer 0 andTimer 1. The TFO and TF1 flags are automatically cleared by the
hardware when the timer interrupt is serviced.

TheTimer 0 and 1 flags are set in S5P2 of the maatyake in which theoverflow occurs. The
values are polled in theext cycle.

The Local Serial block can generated interrupts on reception or transmission. Thavevisr h

only one interrupt source from the Local Serial block, which is obtained by oring the RI and TI
bits in the SCON SFR. These bits are not automatically cleared by thveaham@hd the user will
have to clear these bits using sudire.

All the bits that generate interrupts can be set or reset bwaardnd thereby sefare initiated
interrupts can be generated. Each of theviddal interrupts can be enabled or disabled by setting

or clearing a bit in the IE SFR. IE also has a global enable/disable bit EA, which can be cleared to
disable all the interrupts at once.

Priority Level Structure

There arewo priority levels for the interrupts. Each interrupt source can berithahlly set to
either one of thewo levels. Naturaly, a higher priority interrupt cannot be interrupted bgveelr
priority interrupt. However thereexists a predefined hierarchy amongst the interrupts theessel
This hierarchy comes into play when the interrupt controller has toveesiohultaneous requests
having the same priorityelel. This hierarchy is defined asogim bebw, the interrupts are num-
bered starting from the highest priority to toevést.

7 6 5 4 3 2 1 0

PS | PT1 | PX1 | PTO | PXO0
reseved

PS Local Serial port interrupt priority bit.

PT1 Timer 1 interrupt priority bit.

PX1 External interrupt 1 priority bit.

PTO Timer O interrupt priority bit.

PX0 External interrupt O priority bit

IE: Interrupt Enable Register.

Kawasaki LSI USA, Inc. Page 16 of 120 Ver. 0.9 KS152JB



KS152JB Universal Communications Controller
Technical Specifications

7 6 5 4 3 2 1 0
EGSTE[EDMA1|EGSTV |[EDMAO|EGSRE [EGSRV

IEN1 (Additional interrupt enablesgister) (OC8H)

Interrupt enableagister for DMA and GSC interrupts. A 1 inyabit position enables that interrupt.
IEN1.0 (EGRV) - Enables the GS€alid receve interrupt.

IEN1.1 (EGSRE) - Enables the GSC rigeeerror interrupt.

IEN1.2 (EDMADO) - Enables the DMA done interrupt for channel 0.

IEN1.3 (EGSTV) - Enables the GS@lid transmit interrupt.

IEN1.4 (EDMAL1) - Enables the DMA done interrupt for Channell.

IEN1.5 (EGSTE) - Enables the GSC transmit error interrupt.

{ 6 ) 4 3 2 1 0
PGSTE|PDMA1|PGSTV [PDMAO|PGSHE |PGRV

IPN1 (Additional interrupt priorityagister) (OF8H)

Allows the user saftare two &vels of prioritization to be assigned to each of the interrupts in
IEN1. A 1 assigns the corresponding interrupt in IEN1 a higher interrupt than an interrupt with a
corresponding O.

IPN1.0 (PG®RV) - Assigns the priority of GSC reise valid interrupt.

IPN1.1 (PGSRE) - Assigns the priority of GSC error nez@terrupt.

IPN1.2 (PDMADO) - Assigns the priority of DMA done interrupt for Channel 0.

IPN1.3 (PGSTV) - Assigns the priority of GSC transwailid interrupt.

IPN1.4 (PDMAL) - Assigns the priority of DMA done interrupt for Channel 1.

IPN1.5 (PGSTE) - Assigns the priority of GSC transmit error interrupt.
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The interrupt flags are sampled in S5P2a@ry machinecycle. In the ext machinecycle, the
sampled interrupts are polled and their priority is nesl If certain conditions are met then the
hardware willexecute an internally generated LCALL instruction which waéttor the process to
the appropriate interrupector address. The conditions for generating the LCALL are

1. An interrupt of equal or higher priority is not currently being serviced.

2. The current pollingycle is the last machingycle of the instruction currently beirggecuted.
3. The current instruction does no¥alve a write to IP or IEagisters and is not a RETI.

If any of these conditions are not met, then the LCALL will not be generated. The yliilegs

repeatedvery machineycle, with the interrupts sampled at S5P2 in thewipus machineycle.
If an interrupt flag is adte in onecycle but not responded to, and is notieetwhen the atve
conditions are met, the denied interrupt will not be serviced. This means thatiaterrupts are
not rememberedvery pollingcycle is rew.

The processor responds teadid interrupts byexecuting an LCALL instruction to the appropriate
service routine. This may or may not clear the flag which caused the interrupt. In Gaserof
interrupts, the TFO or TF1 flags, are cleared by ward whempver the processorectors to the
appropriate timer service routine. In case of External interrdfiQ land INT1, the flags are
cleared only if tly are edge triggered. In case of Local Serial interrupts, the flags are not cleared
by hardware. The hardware LCALL Islesexactly like the software LCALL instruction. This
instruction sves the Program Counter contents onto the Shatkioes notave the Program Sta-

tus Word PSV. The PC is reloaded with theector address of that interrupt which caused the
LCALL. Thesevector address for theftBrent sources are as folls

Table 5:
Priority Priority Priority Interrupt Interrupt Vector
Symbolic Symbolic
sequence address name Address
name Name

1 IPO PXO0 IE.O EXO 03H
2 IPN1.0 PGRV IEN1.0 EGRV 2BH
3 IP1 PTO IE.1 ETO OBH
4 IPN1.1 PGSRE IEN1.1 EGSRE 33H
5 IPN1.2 PDMAO IEN1.2 EDMAO 3BH
6 IP2 PX1 IE.2 EX1 13H
7 IPN1.3 PGSTV IEN1.3 EGSTV 43H
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Table 5:
Priority Priority Priority Interrupt Interrupt Vector
Symbolic Symbolic
sequence address name Address
name Name
8 IPN1.4 PDMA1 IEN1.4 EDMA1 53H
9 IP3 PT1 1E.3 ET1 1BH
10 IPN1.5 PGSTE IEN1.5 EGSTE 4BH
11 IP4 PS IE.4 ES 23H

Execution continues from theectored address till an RETI instructioreiecuted. Orexecution

of the RETI instruction the processor pops the Stack and loads the PC with the contents at the top
of the stack. The user must take care that the status of the stack is restored to what is was after the
hardware LCALL, if thesxecution is to return to the interrupted program. The processor does not
notice aything if the stack contents are modified and will proceed wittcution from the

address put back into PC. Note that a RET instruationld doexactly the same process as a

RETI instruction,but it would not inform the Interrupt Controtlethat the interrupt service rou-

tine is completed, awould leave the controller still thinking that the service routine is under
progress.

External Interrupts

There are twaxternal interrupt sources in this procassidTO andINT1. These interrupts can be
programmed to be edge triggeredewel actvated, by setting bits ITO and IT1 in TCON SFR. In
the edge triggered mode, the INTX inputs are sampled at S&2@&ynmachineycle. If the sam-
ple is high in oneycle and bw in the rext, then a high toow transition is detected and the inter-
rupts request flag IEx in TCON is set. The flag bit the requests the interrupt.Sirexéethal
interrupts are sampleavery machinecycle, they have to be held high ool for at least on com-
plete machineycle. The IEx flag is automatically cleared when the service routine is called.

If the level actvated mode is selected, then the requesting source has to hold tve filirthe

interrupt is serviced. The IEx flag will not be cleared by the hardware on entering the service rou-
tine. If the interrupt continues to be hetavleven after the service routine is completed, then the
processor may ackwledge another interrupt request from the same source.

Responsdime

The response time for each interrupt source dependwerakfactors ke nature of the interrupt
and the instruction under progress. In the casgtefnal interrupt INTO and INT1, €y are sam-
pled at S5P2 odvery machinecycle and then their corresponding interrupt flags IEO and IE1 will
be set or reset. Similgylthe Local Serial port flags RI and Tl are set in S5P2.Tlier 0 and 1
overflow flags are set during S3 of the machegele in whichoverflow has occurred. These flag
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values are polled only in thext machinecycle. If a request is aee and all three conditions are
met, then the hardware generated LCALExscuted. This call itself takes two machgeyeles to
be completed. Thus there is a minimum time of three madjties between the interrupt flag
being set and the interrupt service routine bexeguted.

A longer response time should be anticipatedyfat the three conditions are not met. If a higher
or equal priority is being serviced, then the interrupt @téime doviously depends on the nature

of the service routine currently beiegecuted. If the pollingycle is not the last machirogcle of

the instruction beingxecuted, then an additional delay is introduced. This is maximum in the
case of MUL and DIV instructions which are four machigeles long. In case of a RETI or a
write to IP or IE egisters the delay can be at most 5 machymées. This is because at most one
cycle is needed to complete the current instruction and at most 4 magbies toexecute the

next instruction, which may be a MUL or DIV instruction.

Thus in a single-interrupt system the interrupt response time will always be more than 3 machine
cycles and not more than 8 machayeles.
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2.9 Power Down and Idle

The processor has twaRer Reduction modes, Idle andvirer Down. Backup pwer is supplied
through the VCC pin in these operations. The processor can be put into the Idle owdhe P
down mode by setting bits O or bit 1 respeely in the PCON SFR.

Any instruction sets the PD bit in PCON SFR, causes that instruction to be the last instruction
executed by the processor before going into thved? Down mode. In the &ver Down mode, the

clock to the CPU and the peripheral block® linterrupt Controlle Serial Port, dma antimer/
Counters is stopped. This causes the complete processor to stop its cumiéissathe status of

all the egisters in the CPU, the ALU, the Program Courttee Stack Pointethe Program status
Word and the Accumulator are held at their current states. The port pins heddLnéey had at

the time Idlewas adwvated. ALE and®SEN are both held at logiow levels.

There are two ways texit from the RPwer Down mode. One is a hardware reset. reset and the
other anexternal interrupt. The hardware reset redefines all the ®ERthe on-chip RAM is
undfected.

With anexternal interruptJNTO or INT1 must be enabled and configureseaslitriggered inter-
rupts before entering thewer down mode. Holding the pirolv ends the pwer down mode con-
dition and bringing the pin high completes #xé@. After the interrupt service routine égecuted
the program will return to theert instruction folbwing the one that put theedce into Rower

Down Mode.

Table 6: Status of the Extenal Pins during Idle and Power Down

Mode fﬂrgggr; ALE | PSEN| Port0 | Port1 | Port2 | Port3.4.
Idle Internal | 1 1 Data Data Data Data
Idle External | 1 1 Float Data Address| Data
Power Down | Internal | O 0 Data Data Data Data
Power Down | External | O 0 Float Data Data Data

Any instruction which sets the IDL bit in PCON SFR, causes that instruction to be the last instruc-
tion executed by the processor before going into the idle mode. In the Idle mode, the clock to the
CPU is shut ff while the peripheral blockske Interrupt Controlle Serial Ports, dma andmer/
Counters continue to reiee the clock. This causes the CPU to stop its currenitaes. The sta-

tus of all the egisters in the CPU, the ALU, the Program Courttee Stack Pointethe Program
statuswWord and the Accumulator are held at their current states. The port pins heddugndey

had at the time Idle was aated. ALE and®SEN are both held at logic higivéls.
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7 6 5 4 3 2 1 0

SMOD| - - - - - PD | IDL

SMOD Double Baud Rate bit. When cleared, the baud rate vedhaby dviding the
serial clock by 2.

Described late

PD Power Down bit. Setting this bit abtates this mode.
IDL Idle Mode bit. Setting this bit deates this mode.

PCON: Power Control Registe.

There arewo ways to terminate the Idle mode. Qmay is to reset the processor and the other is
by actvation of ay enabled interrupt. On reieéng an interrupt, the processor wiktctor to the
interrupt service routine and will staatecution from here. After completion of the service rou-
tine, following theexecution of RETI, thexecution will continue from the instruction folling

the one which put the processor into the Idle mode.

The signal at the RST pin is used to clear the IDL bit. The RST pin has to bevinétd &t least

24 clock periods to generate an internal reset. The clearing of IDL bit is done synclycsmusl

that the CPU will restart from the same state phase condition that it went into Idle. This ensures
smooth transition from ldle mode to normal operatioowihe reset logic tes 19 clock periods

to actvate the internal reset from the time where R&E sampledolv. For this time the proces-

sor will continue operations carrying on from thextninstruction which put the processor in the

Idle mode. On-chip hardwareguents ay writes to RAM during this periodut accesses to ports

is not inhibited.To prevent urexpected outputs at the port pins, the instruction after the one which
causes the Idle mode should not be an assess to the ports or External RAM.

The GSC continues to operate in Idle as long as the interrupts are enabled. The interrupts need to
be enabled, so that the CPU can service the 'BIH@ order to properly terminate a reception or
transmission the C152 must not be in idle when the EOF is transmitted ivededter servic-

ing the GSC, user sovare will need to agaimvoke the Idle command as the CPU does not auto-
matically re-enter the Idle mode after servicing the interrupts.

The GSC does not operate while iower Down so the steps required prior to enterirggver

Down become more complicated. The sequence when entexivey Pown and the status of the

I/0O is of major importance in prenting damage to the C152 or other components in the system.
since the only way texit Power Down is with a Resetgseral problems that merit careful consid-
eration are cases where th@ver Down occurs during the middle of a transmission, and the pos-
sibility that other stations are not or cannot enter this same mode. The state of the GSC 1/O pins
becomes critical and the GSC status will need toaleedsbefore pwer down is entered. There

will also need to be some method of identifying to the CPU that thevioth Reset is probably

not a cold start and that other stations on the link naag &lready been initialized.
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The DMA circuitry stops operation in both Idle andmer Down modes. Since operation is
stopped in both modes, the process should be similar in each case. Specific steps that need to be
taken include: notification to otheewdces that DMA operation is about to cease for a particular
station or network, proper withawal from DMA operation, andasing the status of the DMA
channels. Again, the status of the I/O pins duriog/d? Down needs careful consideration to

awid damage to the C152 or other components.

Port 4 returns to its input state, which is highel using weak pullupa¥ices.

2.10 Local Serial Channel

Local Serial port is a full dugk port. This means that it can simultaneously transmit andveece
data. In addition, the rene register is doublduffered. This atbws reception of the second data
byte before the first byte is read from the reeeegista. The transmitegister and the reoee
buffer are both addressed &BlS- Special Function &iste. However any write to BUF will be

to the transmitegister, while a read from SBUF will be from the reasbuffer registe.

The serial port can operate in fouffdient modes.
MODE 0

This mode povides the synchronous communication waxiternal avices. In mode 0, serial data

is transmitted and reseed on the RXD line. TXD is used to transmit the shift clock. This mode is
therefore a half dupk mode of serial communication. 8 bits are transmitted orivedeper
frame. The LSB is transmitted/reeed first. The baud rate ixéid at 1/12 of the oscillator fre-

quercy.

Mode 0 is used to transmit data synchrongusla half dupdx format. The functional block dia-
gram is sbwn bebw. Data enters anddees the Serial port on the RxD line. The Txd line is used

to output the shift clock. The shift clock is used to shift data into and out of the TBO and the
device at the other end of the line.

Any instruction that causes a write tBI3F will start the transmission. The shift clock will get
actvated and data will be shifted out on RxD pin til all 8 bits are transmitted. The clock on TxD
then remainsaw for 6 clock periods and then goes high again. This ensures that at ihengece
end the data on RxD line can be &ed in either on the rising edge of the shift clock on TxD or
latched when the TxD clock isv. The Tl flag is set high in S1 folving the end of transmission

of the last bit.

The Serial port will redge data when REN is 1 and Rl is zero. The shift clock (TxD) will be acti
vated and the serial port will latch data sampled at S5P2 at the rising edge of shift clock. The
external avice should therefore present data onftdkng edge on the shift clock. This process
continues till all the 8 bitsdve been redeed. The RI flag is set in S1 folling the last rising

edge of the shift clock on TxD. This will stop reception, till the RI is cleared byaet
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Transmit Shift Rgister

cLocK SOUT—* RxD
P3.0 Alternate
Intemalﬁ PARIN Output function
Data Bus
Write to >
SBUR : » LOAD

|—> CLOCK
TXSTART = TX SHIFT

»| TX CLOCK TI
SERIAL i
CONTROLLER :}j:)—» Serial Interrupt
RI

SHIFT TxD
»RXCLOCK  cLOCK > P3.1 Alternate
LOAD Output function

SBUF

D —
RX

RX SHIFT]
REN START

CLOCK
Internal
PAROUT—»| SBUF Data Bus
RxD SIN
P3.0 Alternate

Input function Read
Receéve Shift Register SBUF

Y

Local Serial Port Mode O

MODE 1

In Mode 1, the full dumx mode is used. Serial communication frames are made up of 10 bits
transmitted on TXD and reised on RXD. The 10 bits consist of a start bit (0), 8 data bits (LSB
first), and a stop bit (1). On raee, the stop bit goes into RB8 in the SFR SCON. The baud rate in
this mode isvariable.In this mode 10 bits are transmitted (on TxD) orivede(on RxD). The

frame consists of a start bit (0), 8 data bits (LSB first), and a stop bit (1). On reception, the stop bit
is placed into RB8. Tthe baud rate is determined byitmer 1 or timer 2verflow rate, and so it

can be controlled by the use

The figure badw gives the simplified functional block for Mode 1.

Transmission &gins with a write to BUF. The serial data is brought out on to TxD pindaihg

the first rollover of dvide by 16 counte The rext bit is placed on TxD pin fatwing the rext

rollover of the dvide by 16 counte Thus the transmission is synchronized to tivedd by 16
counter and not directly to the write t83F signal. After all 8 bits of data are transmitted, the
stop bit is transmitted. The Tl flag is set in the S1 state after the stop bit has been put out on TxD
pin. This will be at the 10th raer of the dvide by 16 counter after a write t8@8F.
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Timer 1
Overflow
Transmit Shift Rgister
1—STOP souT— TxD
Imemal— PARIN
Data Bus 0 »| START
Write to >
» LOAD
SBUF : |—> CLOCK
TXSTART  TX SHIFT
+ 16— Tx cLOCK TI
SERIAL j:)—> Serial Interrupt
* CONTROLLER
>
2 16> RI
b _L RX CLOCK LOAD
SBUH
1-TO-0 »| RX
DETECTOR START RX SHIFT
cLock v Internal
\AAJ F’AROUT—>| SBUF (=
BIT Data Bus
RxD DETECTOR >SN
o
Read
Receve Shift Register SBUF

Serial Port Mode 1

Reception is enabled only if REN is high. The serial port actually starts theimgcef serial

data, with the detection offalling edge on the RxD pin. The 1-to-0 detector continuously moni-
tors the RxD line sampling it at the rate of 16 times the selected baud rate. Ydhierg &dge is
detected, theidide by 16 counter is immediately reset. This helps to align the bit boundaries with
the rollovers of the t/ide by 16 counte

The 16 states of the countdfeetvely dvide the bit time into 16 slices. The bit detection is done

on a best of three basis. The bit detector samples the RxD pin, at the 8th, 9th and 10th counter
states. By using a majority 2 ofv@ting system, the bitalue is selected. This is done to oy

the noise rejection feature of the serial port. If the first bit detected after the falling edge of RxD
pin, is not O, then it indicates anwvalid start bit, and the reception is immediately aborted. the
serial port again looks for a falling edge in the RxD line. Vvakd start bit is detected, then the

rest of the bits are also detected and shifted into BWFS

After shifting in 8 data bits, there is one more shift to do, after which the SBUF and RB8 are
loaded and RI is set.dwever certain conditions must be met before, The loading and setting of
RI can be done.

1. Rl must be 0 and

2. Either SM2 = 0, or the resed stop bit = 1.
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If these conditions are met, then the stop bit goes to RB8, the 8 data bits gdUit@isd RI is
set. Else the reoeed frame may be lost. After the middle of the stop bit, thawercgoes back to
looking for a 1-to-0 transition on the RxD pin.

MODE 2

In this mode, 11 bits are transmitted on TXD andikeszeon RXD. The 11 bits consist of a start

bit (0), 8 data bits (LSB first), a programmable 9th data bit (TB8 in SCON) and a stop bit (1). The
9th bit can be assigned 1 or 0 by writing to bit 3 of SCON. On transmission, this bit will be
inserted into the data stream. On reception theved®th bit goes into RB8 in SCON. The stop

bit is ignored. The baud rate is programmable to 1/32 or 1/64 of the oscillator frgquen

Transmission &gins with a write to BUF. The serial data is brought out on to TxD pindaihg

the first rollover of dvide by 16 counte The rext bit is placed on TxD pin fatwing the rext

rollover of the dvide by 16 counte Thus the transmission is synchronized to tivedd by 16
counter and not directly to the write tB3F signal. After all 8 bits of data are transmitted, the
stop bit is transmitted. The Tl flag is set in the S1 state after the stop bit has been put out on TxD
pin. This will be at the 11th raVer of the dvide by 16 counter after a write t@8F.

Reception is enabled only if REN is high. The local serial port actually starts thenmgaé local

serial data, with the detection of a falling edge on the RxD pin. The 1-to-0 detector continuously
monitors the RxD line sampling it at the rate of 16 times the selected baud rate. When a falling
edge is detected, thévitle by 16 counter is immediately reset. This helps to align the bit bound-
aries with the roblvers of the dride by 16 counte

The 16 states of the countdfeetively dvide the bit time into 16 slices. The bit detection is done

on a best of three basis. The bit detector samples the RxD pin, at the 8th, 9th and 10th counter
states. By using a majority 2 ofvBting system, the bitalue is selected. This is done to iroNe

the noise rejection feature of the local serial port. If the first bit detected affetliig edge of

RxD pin, is not 0O, then it indicates amvalid start bit, and the reception is immediately aborted.

the local serial port again looks forffaling edge in the RxD line. If walid start bit is detected,

then the rest of the bits are also detected and shifted int@®thie S

After shifting in 8 data bits, there is one more shift to do, after whichBhH-%nd RB8 are

loaded and RI is set.dWever certain conditions must be met before, The loading and setting of
RI can be done.

1. RI must be 0 and

2. Either SM2 = 0, or the reised stop bit = 1.

If these conditions are met, then the stop bit goes to RB8, the 8 data bits gBURt@sd RI is

set. Else the reoeed frame may be lost. After the middle of the stop bit, thawercgoes back to
looking for a 1-to-0 transition on the RxD pin.
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Clock / 2
Transmit Shift Rgister
1—»{STOP souT—» TxD
TB8 —»{ D8
Internal_» PARIN
Data Bus 0 »| START
Write to » L OAD
SBUF : |—> CLOCK
TXSTART  TX SHIFT
&———» 16 »Tx CLOCK TI
SERIAL j:)—> Serial Interrupt
i CONTROLLER
"
o———> = 16 RI
® »| RX CLOCK LOAD
SBUF
| 1TO-0 | RIRX
DETECTOR START RX SHIFT]
CLOCK Y
Internal
yvy PAROUT SBUF Data Bus
BIT >
RXD DETECTOR >SN
o
Read
Receve Shift Register SBUF

Local Serial Port Mode 2

MODE 3
This mode is similar to Mode 2 in all respees;ept that the baud rate is programmable.
In all four modes, transmission is started hy mstruction that usesBRJF as a destinatioregis-

ter. Reception is initiated in Mode 0 by the condition Rl = 0 and REN = 1. Reception is initiated in
the other modes by the incoming start bit if REN = 1.
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Timer 1
Overflow
Transmit Shift Rgister
1—»|STOP souT—® TxD
TB8 —»{ D8
Intemalﬁ PARIN
Data Bus 0 ——» START
Write to >
» L OAD
SBUF I |—> CLOCK
TXSTART  TX SHIFT
]
» o 16— T cLOCK Tl
SERIAL ——) )—— Serial Interrupt
i CONTROLLER
1
| % 16> RI
o _L RX CLOCK LOAD
SBUF|
1-TO-0 »| RX
DETECTOR START RX SHIFT]
cLock L Internal
\AA PAROUT SBUF |=» Data Bus
BIT »
RxD DETECTOR > SIN
o
Read
Receéve Shift Register SBUF

Local Serial Port Mode 3

Baud Rates

In Mode 0 the baud rate isxéid at 1/12 of the oscillator frequsn

In Mode 2 the baud rate depends onvdilee of bit SMOD in PCON SFR. If SMOD is 0 then the
baud rate is 1/64 of the oscillator freqaenf the bit is set to 1, then the baud rate is 1/32 of the

oscillator frequeaoy.
Mode 2 Baud Rate =M@ -6)x Oscillator Frequety

The baud rates in Mode 1 and 3 are determined bgvéirdow rates ofTimer 1.
UsingTimer 1 to generate baud rates.

WhenTimer 1 is used as a baud rate gener#te baud rates in Modes 1 and 3 are determined by
theTimer loverflow rate and th@alue of SMOD.

Modes 1 and 3 baud rate £M°P -5) X Timer 1overflow rate

TheTimer 1 interrupt should be disabled in this mode. The timer itself can be configured as either
“timer” or “counter”, in ayy of its 3 operating modes. Commgilimer 1 is configured as a timer
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in auto-reload mode. In such a case the baud ratees gy

Mode 1,3 baud rate <ZMOP - 5)x Oscillator Frequety / (12 x [256 - TH1])

It is also possible to advie very low baud rates by puttingmer 1 in Model as a 16 bit timer and
enabling its interrupt. Th&imer interrupt is used to reload thener 1 with a 16 bivalue using

software methods. A list of commonly used baud rates ewdhey can be acleved is slown in
table 4

Table 7: Timer 1 generated commonly used Baud rates

Baud Rate fosc SMOD CIT Mode Reload
Value
Mode 0 Max 1 MHZ 12 MHZ X X X X
Mode 2 Max 375K 12 MHZ 1 X X X
Modes 1,3 62.5K 12 MHZ 1 0 2 FFh
19.2K 11.09 MHZ 1 0 2 FDh
9.6 K 11.09 MHZ 0 0 2 FDh
4.8 K 11.0® MHZ 0 0 2 FAh
24K 11.0%9 MHZ 0 0 2 F4h
1.2K 11.09 MHZ 0 0 2 E8h
137.5 11.059 MHZ 0 0 2 1Dh
110 6 MHZ 0 0 2 72h
110 12 MHZ 0 0 2 FEEBhO
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2.11 SINGLE-STEP OPERAION

The processor does naMe ay pin which can directly force it to operate in the single-step mode.
However the user can use the interrupt structure to obtain single-step operation. The user will be
aware that the processerecutes one more instruction after a RETI instruction and only then
does it respond to an interrupt request. Thus once an interrupt routinegbasibcannot enter
another routine unless one instruction of the interrupted program hasexeeated. Thexternal
interrupts can be used to gooffeet to achive this. One of the interrupts, s&yTO is pro-
grammed to beslel actvated interrupt. Bw when the processor detecta lon this pin, it will
vector to the interrupt service routine. The interrupt service routine avl & simple loop which

will wait till the INTO pin is pulsed, high taol. The processor willaw return to the interrupted
program ancexecute at least one instruction. If the INTO pin is held then another interrupt
request is generated and the interrupt service routine is @gaiated.

JNB P3.2,$ ;wait here tillINTO goes high

JB  P3.2,$ ;wait heretillINTO goes bw

RETI ; return to the interrupted program aaxcute at least one more
: instruction

In this way a single instruction of the main program wilkkecutedevery timeINTO is pulsed.
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Table 8: Instruction Table

ST

rel

r'ﬁs”n 0 2 = s 4 5 6-7 8-F
>

0 nop ajmp ljimp rra inc a - incd inc @ incrn
1 jbc acall Icall rrca dec a decd dec @ decrn
2 jb ajmp ret rla add a, # add a, d add a, @ add a, rn
3 jnb acall reti ric a addc a, # addc a, d addc a, @ addc a, rn
4 jc ajmp orld, a orld, # orla, # orla, d orla, @ orla, m
5 jnc acall anld, a anl d, # anl a, # anla, d anla, @ anla, rn
6 iz ajmp xrld, a xrld, # xrl a, # xrla, d xrla, @ xrla, m
7 jnz acall orl c, bit jmp @a-+dptr mov a, # mov d, # mov @, # mov rn, #
8 sjmp ajmp anl c, bit movc a, @a+gc divab mov d, d mov d, @ mov d, rn
9 mov dptr, # acall mov bit, ¢ movc a, subb a, # subb a, d subb a, @ subb a, rn

@a+dptr
A orl c, /bit ajmp mov c, bit inc dptr mul ab dec dptr mov @, d mov rn, d
B anl c, /bit acall cp bit cplc cjne a, #, rel cjne a, d, rel cjne @, #, rel cjne rn, #,
C push ajmp clr bit clrc swap a xcha, d xcha, @ xch a, rn
D pop acall setb bit setb ¢ daa djnz d, rel xchd a, @ djnz rn, rel
E movx a, @dptr | ajmp movx a, @r0 movx a, @rl clra mov a, d mov a, @ mov a,
F movx @dptr, a | acall movx @rO0, a movx @rl, a cpla mov d, a mov @, a mov rn , a

suoied}19ads [eaiuyoss |
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3.0 GLOBAL SERIAL CHANNEL

3.1 Introduction

The Global Serial Channel (GSC) is a multi-protocol, high performance seridhoet¢ageted

for data rates up to 2 MBPS with on-chip clockokey, and 2.4 MBPS using thexternal clock
options. in applications using the serial channel, the GSC implements the Data Link Layer and
Physical Link Layer as described in the ISO reference model for open systems interconnection.

The GSC is designed to meet the requirements of a wide range of serial communications applica-
tions and is optimized to implement Carfigense Multi-Access with Collision Detection
(CSMA/CD) and Synchronous Data Link Control (SDLC) protocols. The GSC architecture is
also designed to pvide flexibility in defining non-standard protocols. Thispides the ability to

retrofit new products into older serial technologies, as well as #velabment of proprietary
interconnect schemes for serial backplamerenments.

Theversatility of tre GSC is demonstrated by the wide range of choaailable to the ugeThe
various modes of operation are summarizediable 3.1. In subsequent sections, eachlable
choice of operation will bexplained in detail.

In usingTable 3.1, the parameters listegttically (on the left hand side) represent an option that

is selected (X). The parameters listed horizontally (along the top of the table) are all the parame-
ters that could theoretically be selected (Y). The Symbol at the junction of both X and Y deter-
mines the applicability of the option

Note, that not all combinations are backwards compatibleedample, Manchester encoding
requires half dugk, but half dupkx does not require Manchester encoding.
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Table 9:

N-Not available.
M-Mandatoy.
O-Optional.
P-Normally Preferred
X-N/A

Data

Flags
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Duplex

Ack Addr
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nr

nr
Zi
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id

® 35 O >
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bi

it

® S5 O S

us
er 8

ef

[EEN

—

Manchester (csma/cd)
NRZI (sdic)
NRZ (ext clock)

[EnY

Flags:01111110(sdlc)
11/IDLE

X|O| ©

v|zZz(z| 2| X

Z|l 0|l Z2| X | Z
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IR
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A

[EnY
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[EnY

[EY
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[EEN
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[EEY

[EnY

Half Duples
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Acknowledge: None
Hardware
User defined.

Address recog: none
8-bit
16 bit

[

Coll resol: Normal
Alternate
Deterministic

O|lO0O|O|o|lo|o|O|O|0o|Z€|0O0|0O]|O

2l Z2)| 2

Preamble: None
8-bit

32-bit

64-bit

[

[N

DC JAAM
CRCJAM
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Kawasaki LS| USA, Inc.

Page 33 of 120

Ver. 0.9 KS152JB




KS152JB Universal Communications Controller

Technical Specifications

Table 9:
Data Flags CRC Duplex Ack Addr .
I’ECOgnItIOH
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NRZI (sdic) NIN[N[ololo|o|[N[N|[N|[M|o|o|lo]o] N[ M
NRZ (ext clock)
oO(|0|0|l]0OlOJO|JO|O|O|M|NJ]O|J]O]JO| O] O]| O
Flags:01111110(sdlc) |N|N|N|O|O|O|O|N|[N|O|O| O] O] O|1 |1 [P
11/IDLE ololol1]lolo|o]o|o]|o|lo|lo|l o of1]r]1

Kawasaki LS| USA, Inc.

Page 34 of 120

Ver. 0.9 KS152JB



KS152JB Universal Communications Controller

Technical Specifications

Table 10:
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Table 10:
contr
backdf preamble | Jam | Clock ol r
r
a
a
d W Wi| C
N-Not available. a f el S s
- Xl n
MMandatoy. nliele 8l 3|6 tr r|m q
O-Optional. olel | c|t|t el a
214 cl|d|a |
P-Normally Preferred rlrlmlo dlir|lel|e cl/
X-N/A m|n|i|n b cl|lclr|r P ymn el c ¢
alaln i|b ujal|s|.
L le ) /[ {n|n i |d
| t i tjit |t m
e|s a| a . \Y;
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ti | || e
C
Control cpu o o|ojojOo|O|O|O]|O X O| O] Ol O
Control dma olo|olololo]o|o]olo] o]l N| x| o] of of 0
Raw Receave ojo|lo|j1|1|12 |1 |O0lOf1 |1 |1 |12 |X|NJ|1 |1
Raw Transmit N{N|N|21|21|21 |12 |N|N|f1T (1T (211 |N|X]|1]1
CSMA O|O| O|N|O| O O|O| N| O O| O] X| N
SDLC N|IN[N|P|O|O N| N|O O| O] N| X

Note 1: Programmable ina® transmit or rede@e mode.

Almost all the optionswvailable fromTable can be implemented with the properwsafe to per-

form the functions that are necessary for the options select@dbla 3.1, a judgment has been
made by the authors on which options are practical and which are not. What this means is that in
table , an “N” should be interpreted as meaning that the option is either not practical when imple-
mented with user saffare or that it cannot be done. An “O” is used when that function is one of
several that can be implement with the GSC without additional usevaaft

The GSC is tageted to operate at bit rates up to 2.4 Mbps usingxtieenal clock options and up

to 2 MBps using the internal baud rate geneydtdernal data formatting and on-chip clock
recvery. The baud rate generatoraas most standard rates to be aegbd. These standards
include the proposed IEEE802.3 LAN standard(1.0MBps) and the T1 standard (1.544Mbps). The
baud rate is dered from the crystal frequeypn This makes crystal selection important when
determining the frequey and accurey of the baud rate.

The user needs to lagvare that after reset, the GSC is in CSMA/CD mode, IFS = 256 bit times,
and a bit time equals 8 oscillator periods. The GSC will remain in this mode until the interframe
spaceexpires. If the user changes to SDLC mode or the parameters used in CSMA/CD, these
changes will not takeffect until the interframe spa@zpires. A requirement for the interframe
space timer todwin is that the redeer be in an idle state. This kes it possible for the GSC to
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be in some other mode than the user intends for a significant amount of time aftdiorpset.
vent unwanted GSC errors from occurring, the user should not enable the GSC or the GSC inter-
rupts for 170 machineycles ((256 X 8) /12) after LNI bit is set.

3.2 CSMA/CD Operation

3.2.1 CSMA/CDOVERVIEW

CSMA/CD Operates by sensing the transmission line for a gamgch indicates link aotity.

At the end of link agvity, a station mustait a period of time, called the deference period, before
transmission maydgin. The deference period is alsooium as the interframe space. The inter-
frame space iexplained in Section 3.2.3

With this type of operation, there is always the possibility of a collision occurring after the defer-
ence period due to line delays. If a collision is detected after transmission is started, a jamming
mechanism is used to ensure that all stations monitoring the liae/are of the collision. A res-
olution algorithm is themxecuted to reswk the contention. There are threfetient modes of
collision resolution madavailable to the user on the C152. Re-transmission is attempted when a
resolution algorithm indicates that a stat@oapportunity has asred.

Normally, in CSMA/CD, re-transmission slot assignments are intended to be random. This
method gves all stations an equal opportunity to utilize the serial communicatiomuin&lso
leaves the possibility of another collision due to two statioasnly the same slot assignment.
There is an option on the C152 whichoalt all the stations toaue their slot assignmentsepi-

ously determined by user sefire. This pre-assignment of slots is called the deterministic resolu-
tion mode. This method ailvs resolution after the first collision and ensures the access of the link
to each station during the resolution. Deterministic resolution canva@tadeous when the link

is being hevily used and collisions are frequently occurring and in real time applications where
determinism is required. Deterministic resolution may also be desirable if tmsKrefore hand

that a certain statio® communication needs to be prioritizegr those of other stations if it is
involved in a collision.

3.2.2 CSMA/CD FRAME FORMAT

The frame formatn CSMA/CD consists of preamble e§inning of Frame flag (BOF), address
field, information field, CRC, and End of Frame flag (EOF) asshn Figure

PREAMBLE BOF ADDRESS INFO CRC EOF

Typical CSMA/CD Frame
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PREAMBLE - The preamble is a series of alternating 1s and 0s. The length of the preamble is
programmable to be 0, 8, 32, or 64 bits. The purpose of the preamble atalathe recevers

to synchronize to the same clock edges and identifies to the other stations on-line that there is
acivity indicating the link is being useBor these reasons zero preamble length is not compatible
with standard CSMA/CD, protocols. When using CSMA/CD, the BOF is considered part of the
preamble compared to SDLC, where the BOF is not part of the preamble. This means that if zero
preamble length were to be used in CSMA/CD, mode, no B@QHd be generated. It is strongly
recommended that zero preamble lengienbe used in CSMA/CD mode. If the preamble con-
tains two consecive Os, The preamble is consideradaiid. If the C152 detects anvalid pre-

amble, the frame is ignored.

BOF - In CSMA/CD the Eginning -Of-Frame is a part of the preamble and consiste/@f t
sequential 1s. The purpose of the BOF is to identify the end of the preamble and indicate to the
recaver(s) that the address will immediately ol

ADDRESS- The address field is used to identify which messages are intended for which stations.
The user must assign addresses to each destination and sawdbekhddresses are assigned,

how they are maintained, andv each transmitter is madvare of which addresses aail-

able is an issue that is left to the uSome suggestions are discussed in Section 3.5.5. Ggnerall
each address is unique to each stabanthere are special cases where this is not true. In these
special cases a message is intended for more than one station. Thesegatdt-taessages are

called broadcast or multicast-group address usually is indicated by using a 1 as the first address
bit. The user can choose to maskaldl or seledtve bits of the address so that the GSCiveseall
messages or multicast-group messages. The address length is programmable to be 8 or 16 bits. An
address consisting of all 1s will always be reed by the GSC on the C152. The address bits are
always passed from the GSC to the CRlith user software, the address carektended lpyond

16 bits,but the automatic address recognition will only work on a maximum of 16 bits. User soft-
ware will have to resole aty remaining address bits.

INFO - This is the information field and contains the data that emeel on the link wishes to
transmit to anotherettice. It can be ofy length the user wishdmsit needs to be in multiples of 8

bits. This is because multiples of 8 bits are used to transfer data into or out of the GSC FIFOs. The
information field is delineated from the rest of the components of the frame by the preceding
address field and the foltling CRC. The redeer determines the position of the end of the infor-
mation field by passing the bytes through a temporary storage space. When the EQ¥eis rece
the bytes in temporary storage are the CRC, and the last bute@gevious to the CRC consti-

tute the end of the information field.

CRC - The Cyclic Redunday Check (CRC) is an error checking algorithm commonly used in
serial communications. The C15#ears two types of CRC algorithms, a 16-bit and a 32-bit. The
16-bit algorithm is normally used in the SDLC mode and will be described in the SDLC section.
In CSMA/CD applications either algorithm can be ubatllEEE 802.3 uses a 32-bit CRC. The
generation polynomial the C152 uses with the 32-bit CRC is:

G(X) = X32 + X26 +X23 +X22 416412 £ 11 4104 XB 1 X7+ x5+ x4 +X2+ X +1
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The CRC generatpas sbwn in figure bebdw, operates by taking each bit as it is reed and
XOR’ing it with bit 31 of the current CRC. This result is then placed in temporary storage. The
result of XOR’ing bit 31 with the reoeed bit is then XORI with bits O,
1,3,4,6,7,9,10,11,15,21,22,25 as the CRC is shifted right, the temporary storage space holding the
result of XOR’ing bit 31 and the incoming bit is shifted into position 0. The whole process is then
repeated with theaxt incoming or outgoing bit.

D;.

Receved
bit |

The user has no access to the CRC generator or the bits which constitute the CRC while in

CSMA/CD. On transmission, the CRC is automatically appended to the data being sent, and on
reception, the CRC bits are not normally loaded into thewe&dFO. Instead, ty are automati-

cally stripped. The only indication the user has for the status of the CRC is a pass/fail flag. The

pass/fail flag only operates during reception. A CRC is considered as passing when the CRC gen-
erator has 11000111 00000100 11011010 01111011 B as a remainder after all of the data, includ-
ing the CRC checksum, from the transmitting station has ¢yeded through the CRC generato

The preamble, BOF and EOF are not included as part of the CRC algorithm. An inteawapt is

able that will interrupt the CPU if the CRC of the rigeeis nvalid. The user can enable the CRC

to be passed to the CPU by placing theikeren the aw receve mode.

This method of calculating the CRC is compatible with IEEE 802.3

EOF - The End of Frame indicates when the transmission is completed. The end flag in CSMA/
CD consists of an idle condition. An idle condition is assumed when there is no transitions and the

Kawasaki LSI USA, Inc. Page 39 of 120 Ver. 0.9 KS152JB



KS152JB Universal Communications Controller
Technical Specifications

link remains high for 2 or more bit times.
3.2.3 INTERFRAME SPACE

The interframe space is the amount of time that transmission is delayed after the link is sensed as
being idle and is used to separate transmitted frames. In alternatefoaxdde, the interframe

space may also be included in the determination of when retransmissions may aggualljhe

C152 albws programmable interframe spacegan numbers of times from 2 to 256. The hard-

ware enforces the interframe space in SDLC mode as well as in CSMA/CD mode.

The period of the interframe space is determined by the contents of IFS. IFS is an SFR that is pro-
grammable from 0 to 254. The interframe space is measured in bit timesllidén IFS multi-

plied by the bit time equals the interframe space unless IFS equals 0. If IFS does equal O, then the
interframe space will equal 256 bit times. One of the considerations when loading the IFS is that
only even numbers (LSB must be 0) can be used because only the 7 most significant bits are
loaded into IFS. The LSB is controlled by the GSC and determines which half of the IFS is cur-
rently being used. In some modes, the interframe space timer is re-triggeredtyf sctietected

during the first half of the period. The GSC determines which half of the interframe space is cur-
rently being used bgxamining the LSB. A one indicates the first half and zero indicates the sec-
ond half of the IFS.

After reset IFS is 0, which delays the first transmission for both SDLC and CSMA/CD by 256 bit
times (after reset, a bit time equals 8 oscillator clock periods).

In most applications, the period of the interframe space will be equal to or greater than the amount
of time needed to turn -around the riged frame. The turn-around period is the amount of time
that is needed by user software to complete the handling ofime#@deame and be prepared to
recave the ext frame. An interframe space smaller than the required turn-around period could be
usedbut would albw some frames to be missed.

When a GSC transmitter has amnmessage to send, it will first sense the link. Iivatgt is
detected, transmission will be deferred towlithe frame in progress to complete. When link
aciivity ceases, the station continues deferring for one interframe space period.

As mentioned earlrethe interframe space is used during the collision resolution period as well as
during normal transmission. The laff method selectedizcts low the deference period is han-

dled during normal transmission. If normal kaf¢ mode is selected, the interframe space timer is
reset if adwity occurs during approximately the first half of the interframe space. If alternate
backdf or deterministic backbis selected, the timer is not reset. In all cases when the interframe
space timemrxpires, transmission mayetin, regardless if there is aetty on the link or not.
Although the C152 resets the interframe space timeriifigcis detected during the first one-half

of the interframe space, this is not necessarily true of all CSMA/CD systems. (IEEE 802.3 recom-
mends that the interframe space be resetiWiacts detected during the firsto-thirds or less of

the interframe space.)
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3.2.4 CSMA/CDDATA ENCODING

Manchester encoding/decoding is automatically selected when the user software selects CSMA/
CD transmission mode (See Figuredagl In Manchester encoding thalue of the bit is deter-

mined by the transition in the middle of the bit time, a pasitransition is decoded as a 1 and a
negaive transition is decoded as a 0. The Address and Info bytes are transmitted LSB first. The
CRC is transmitted MSB first.

MANCHESTER ENCODING
0 1 1 0 0O 1

e BIT N |
TIME

If the external 1X clock feature is chosen the transmission ode is always NRZ (see Section
3.5.11). Using CSMA/CD with thexternal clock option is not supported because the data needs
reformatting from NRZ to Manchester for the reee to be able to detect code violations and col-
lisions.

3.2.5 COLLISION DETECTION

The GSC hardware detects collisions by detecting Mancheatefaxm violations at its GRXD

pin. Three kinds of aveform violations are detected: a missing 0-to-1 transition where one was
expected, a 1-to-0 transition where nomas expected, and a aveform that staysolv (or high)

for too short a time.

Jitter Tolerance
A valid Manchestewaveform must lve a transition at the midpoint afiabit cell, and may &e
a transition at the edge afyabit cell. Therefore, transitions will nominally be separated by either

1/2 bit-time or 1 bit-time.

The GSC samples the GRXD pin at the rate of 8 x the bit rate. The sequence of samples for the
recaved bit sequence 0@tould nominally be:

samples: 11110000 :11110000 :00001111
bit value: 0 : 0 : 1
:<-bit cell->: <-bit cell->: <-bit cell->:
The sampling system alWs a jitter tolerance of 1 sample for transitions that are 1/2 bit-time
apart, and2 samples for transitions that are 1 bit-time apart.
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Narrow Pulses

A valid Manchester aweform must stay high ool for at least a half bit-time, nominally 4 sam-
ple-times. Jitter tolerance alls a vaveform which stays high ool for 3 sample-times to also

be consideredalid. A sample sequence whichosls a second transition only 1 or 2 sample-times
after the pevious transition is considered to be the result of a collision. Thus, sample sequences
such as 0000110000 and 111101111 are interpreted as collisions.

The GSC hardware recognizes the collisionaeetoccurred within 3/8 to 1/2 bit-time foling
the second transition.

Missing O-to-1Transition

A 0-to-1 transition isxpected to occur at the center afdit cell that kegins with 0. If the pavi-
ous 1-to-0 transition occurred at the bit cell edge, a jitter toleranck sdmple is atlwed. Sam-
ple sequences such as 1111:00001111 and 1111:000001Mdligrevhere “:” indicates a bit
cell edge. Sequences of the form 1111:000000XXX are interpreted as collisions.

For these kinds of sequences, the GSC recognizes the collisiavetod¢turred within 1 to 11/8
bit-times after the @vious 1-to-0 transition.

If the previous 1-t0-0 transition occurred at the center of tlegipus bit cell, a jitter tolerance of

+2 samples is alved. Thus, sample sequences such as 11110000:00001111 and
111100000:000001111 avelid. Sequences of the form 111100000:000000XXX are interpreted
as collisions.

For these kinds of sequences, the GSC recognizes the collisiavetodcurred within 1 5/8 to 1
3/4 bit-times after the prious1-to-0 transition.

Unexpected 1-to-OTransition

If the line is at a logic 1 during the first half of a bit cell, then éjsected to miee a 1-to-0 tran-

sition at the midpoint of the bit cell. If the transition is missed, it is assumed that this bit cell is the
first half of an EOF flag (line idle for two bit-times). One bit-time later (which marks the midpoint
of the rext bit cell), if there is still no 1-to-0 transitionyalid EOF is assumed and the line idle bit
(LNI'in TSTAT) gets set.

However, if the assumed EOF flag is interrupted by a 1-to-0 transition in the bit-tinoevifod
the first missing transition, a collision is assumed. In that case the GSC hardware recognizes the
collision to have occurred within 1/2 to 5/8 bit-time after thesypected transition.
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3.2.6 RESOLUTION OF COLLISIONS

How the GSC responds to a detected collision depends on wvet doing at the time the colli-
sion was detected. What it might be doing is either transmitting aviege frame, or it might
be inacive.

GSC Inactive

If the GSC is already in the process of rerwy a frame at the time the collision is detected, its
response depends on whether the first byte of the frame has been transferred into RFIFO yet or
not. If that hast occurred, the GSC simply aborts the receptiohtakes no other action unless

DCR has been selected. If DCR has been selected, the GSC patrticipates in the resolution algo-
rithm.

If the reception has already progressed to the point where a byte has been transferred to RFIFO by
the time the collision is detected, the iigee is disabled (GREN = 0), and the ReeeError

Interrupt flag RCABT is set. If DCR has been selected, the GSC participates in the resolution
algorithm.

Table 11: Response to a Detected Collision.

What the GSC was doing Response

nothing None, Unless DCR =1.
If DCR = 1, kegin DCR countdwn

Receving a Frame, first byte not in RFIFO yet. | None, unless DCR = 1.
If DCR = 1, kegin DCR countdwn.

Receving a Frame, first byte already in RFIFO. | Set RCAH, clear GREN.
If DCR = 1, kegin DCR countdwn.

Transmitting a Frame, first byte still in TFIFO Execute jam/bawmff.
Restart if collision court 8.

Transmitting a Frame, first byte alreadigga from | Execute jam/bamff.
TFIFO Set TCO, clear TEN.

Note: References to DCR and the DCR Coaonwtul have to do with the Deterministic Colli-
sion Resolution Algorithm.

Jam
The jam signal is generated byya8XC152 that isnvolved in transmitting a frame at the time a

collision is detected at its GRXD pin. This is to ensure that if one transmitting station detects a
collision, all the other stations on thewetk will also detect a collision.
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If a transmitting 8XC152 detects a collision during the preamble/BOF part of the frame that it is
trying to transmit, it will complete the preamble/BOF and thegirbthe jam signal in the first bit

time after B@. If the collision is detected later in the frame., the jam signal eglinbin the rext

bit time after the collisionvas detected.

The jam signal lasts for the same number of bit times as the selected CRC length-either 16- or 32-
bit times.

The 8XC152 povides two types of jam signals that can be selected by user software. If the node
is DC-coupled to the nebrk, the DC jam can be selected. In this case the GTXD pin is pulled to
a logic 0 for the duration of the jam. If the nodé&-coupled to the network, théXC jam must

be selected. In this case the GSKetathe CRC it has calculated thas in the transmission,
inverts each bit, and transmits timedrted CRC.The selection of DCAC jam is made by setting

or clearing the DCJ bit, which resides in the SFR named MMSL

When the jam signal is completed, the 8XC152 goes into an idle state. Prgsuthaolstations
on the network are also generating tlogin jam signals, after whiché too go into an idle state.
When the 8XC152 detects the idle state atvts GRXD pin, the bdwff sequence dgins.
Backoff

There are three sefare selectable collision resolution algorithms in the 8XC152. The selection is
made by writingvalues to 3 bits:

Table 12:
DCR M1 MO Algorithm
0 0 0 Normal Random
0 1 1 Alternate Random
1 1 1 Deterministic

M1 and MO reside in GMOD, and DCR is in MYSL.

In the Normal Random algorithm, the GSC baditdar a random number of slot times and then
decides whether to restart the transmission. The Iiatbke begins as soon as a line idle condi-
tion is detected.

The Alternate Random algorithm is the same as the Normal Raexmept the backid time
doesnt start until an IFS has transpired.

In the Deterministic algorithm, the GSC backsto await its pre-determined turn.
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Random Badoff

In either of the random algorithms, the first thing that happens after a collision is detected is that a
| gets shifted into the TCDCNTI{ansmit Collision Detect Countggiste, from the right.

Thus if the software cleared TCDCNT before telling the GSC to transmit, then TCDCNT keeps
track of low many times the transmission had to be aborted because of collisions:

TCDCNT = 00000000 first attempt
00000001 first collision
00000011 second collision
00000111 third collision
00001111 fourth collision
11111111 eighth collision

After TCDCNT gets a 1 shifted into it, the logical AND of TCDCNT and PRBS is loaded into a
countcbwn timer named BOF~. PRBS is the name of an SFR which contains the output of a
pseudo-random binary sequence gener#ttofunction is to ppvide a random number for use in
the backdf algorithm.

Thus on the first collision BOFF gets loaded randomly with either 00000000 or 00000001. If
there is a second collision it gets loaded with the random selection of 00000000, 00000001,
00000010, or 00000011. On the third collision there will be a random selection among 8 possible
numbers. On the fourth, among 16, etc. Figurevbedhows the logical arrangement of PRBS,
TCDCNT, and BKOFF.

PRBS TCDCNT

| AND |
LOAD o
BKOFF ey
SLOT -
CLOCK BKOFF BKOFF =0
6 T~ N
/] ) BKOFF= MYSLOT

5 NJ comp
|MYSLO'I1 ]
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BKOFF starts countingasvn from its preloadralue, counting slot times. Ahg time, the current
value in BKOFF can be read by the CPhyt CPU writes to BOFF rave no éfect. While
BKOFF is counting dwn, if its currentvalue is not 0, transmission is disabled. The output signal
“BKOFF = 0" is asserted wherKB®FF reaches 0, and is used to re-enable transmission.

At that time transmission can proceed, subject of course to IFS enforcement, unless:

O shifting a 1 into TCDCNT from the right caused a 1 to shift out from the MSB of TADGN
[ the collisionwas detected after TFIFO had been accessed by the transmiakeard

In either of these cases, the transmitter is disabled (TEN = 0) amchtiwmit Error flag TCBT is
set. The automatic restart is canceled.

Where the Normal and Alternate Random Kumficalgorithms difer is that in Normal Random
backdf the BKOFF timer starts countingodn as soon as a line idle condition is detected,
whereas in Alternate Random batfkine BKOFF timer doesh start counting dwn till the IFS
expires.

The Alternate Random modeas designed for nebrks in which the slot time is less than the

IFS. If the randomly assigned batkbme for a gven transmitter happens to be 0, then it is free

to transmit as soon as the IFS ends. If the slot time is shorter than the IFS, Normal Random mode
would nearly guarantee that if thegdirst collision there will be a second collision. The situation

is awided in Alternate Random mode, since tHeF countdwn doesit start till the IFS is

over.

The unit of count to the BOFF timer is the slot time. The slot time is measured in bit-times, and
is determined by a CPU write to thegister SIOTTM. The slot time clock is a 1-byteodn-
counter which starts its coummidn from thevalue written to SOTTM. It is decremented each bit
time when a bacKbis in progress, and when it gets to 1 it generates one tick in the slot time
clock. The mxt state after 1 is the reloadlue whichwas written to SOTTM. If O is thevalue
written to SIOTTM, the slot time clock will equal 256 bit times.

A CPU writes to SDTTM accesses the reloaegrste. A CPU read of SOTTM accesses the
downcounte. In most protocols, the slot period must be equal to or greater than the longest round
trip propagation time plus the jam time.

Deterministic Badkoff

In the Deterministic backb mode, the GSC is assigned (in software) a slot nuniiyee slot
assignment is written to thew 6 bits of the egister MYSLOT. This sameagister also contains,

in the 2 high bit positions, the control bits DCJ and DCR.

Slot assignments therefore can run from 0 to 63. It will turn out that the higher the slot assign-
ment, the sooner the GSC will get to restart its transmission avéiné of a collision.
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The highest slot assignment in thewmatk is written by each statigmsoftware into its TCDCNT
registe. Normal the highest slot assignment is just the total number of stations that are going to
participate in the backbalgorithm.

In deterministic backid mode a collision will not cause a 1 to be shifted into TCOCNCDCNT
will still be ANDed with PRBS and the result loaded intid@FF. In order to insure that all sta-
tions have the samegalue loaded into ROFF, which determines the first slot number to acthe
PRBS should be loaded with OFFH; the PRBS will maintainvlise until either the 8XC152 is
reset or the user writes some othialue into PRBS. After ROFF is loaded it égins counting
down slot times as soon as the IFS ends. Slot times are defined by ththeisame way as
before, by loading SOTTM with the number of bit times per slot.

When BKOFF equals the slot assignment (as defined in MYSLthe signal “BKOFF = MYS-
LOT” in Figure slown alove is asserted for one slot time, during which the GSC can restart its
transmission.

While BKOFF is counting dwn, if any acivity is detected at the GRXD pin, the coumviah is
frozen until the agtity ends, a line idle condition is detected, and an IFS transpires. Then the
countadwn resumes from where it leftfo

If a collision is detected at the GRXD pin whil&B®FF is counting dwn, the collision resolution
algorithm is restarted from thedinning.

In effect, the GSC 6wns” its assigned slot numbdut with oneexception. Nobodyowns slot
number 0. Therefore if the GSC is assigned slot number 0, then vd@RMB-=0, this station and
any other station that has something to say at this time @i# An equal chance tdeathe line.

3.2.7 HARDWARE BASED ACKNOWLEDGE

Hardware Based Ackmvledge (HBA) is data link packet ackmwledging scheme that the user
software can enable with CSMA/CD protocol. It is not an option with SDLC protoacher.

In general HBA can gve impioved system response time and increadéztteve transmission
rates over ackmwledge schemes implemented in higher layers of thevamktarchitecture.
Another benefit is the possibility of early release of the transuffér as soon as the ackml-
edge is redeed.

The ackmmwledge consists of a preamble @olled by an idle condition. A reeng station with

HABEN enabled will send an actwledge only if the incoming address is unique to theivetg

station and if the frame is determined to be correct with no eFarshe ackowledge to be sent,

TEN must be sefor the transmitting station to recognize the askledge GREN must be set. A

zero as the LSB of the address indicates that the address is unique and not a group or broadcast
address. Errors can be caused by collisions, incorrect CRC, misalignment, avetR@v. The

recever sends the ackwledge as soon as the line is sensed to be idle. The user must program the
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interframe space and the preamble length such that thevelekige is completed before IFS
expires. This is normally done by programming IF&éa than the preamble.

A transmitting station with HABEN enablestpects an aclkowledge. It must reg¢ee one prior to

the end of the interframe space, or else an error is assumed andARKNbit is set. Setting of

the TDN bit is also delayed until the end of the interframe space. Collisions detected during the
interframe space will also caus®©NCK to be set.

If the user softvare has enabled DMA servicing of the GSC, an interrupt is generated when TDN
is set. TDN will be set at the end of the interframe space if avMaaedbased ackwledge is
required and receed. If the GSC is serviced by the CPU, the user must time out the interframe
space and then check TDN before disabling the transmitter or transmit error interpGKN

will generate a transmit error interrupt if the transmitter and interrupts are enabled during the
interframe space.
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3.3 SDLC Operation

SDLC is a communication protocoialoped by IBM and widely used in indugttt is based on

a primary/ secondary architecture and requires that each secondary staiaruhique address.

The secondary stations can only communicate to the primary station, and then, only when the pri-
mary station abws communication to k& place. This eliminates the possibility of contention on

the serial line caused by the secondary staitrging to transmit simultaneoysl|

In the C152, SDLC can be configured to work in either full or halfeupVhen adhering to strict

SDLC protocol, full dupx is required. Full dujk is selected whexer a 16-bit CRC is selected.

At the end of avalid reset the 16-bit CRC is select&d.select half dugk with a 16-bit CRC, the
recaver must be turnedfbby user software before transmission. The ikeeis turned & by

clearing the GREN bit (RB\T.1). The recver needs to be turnedf decause the address that is
transmitted is the address of the secondary statiecéver. If not turned &, the recever could

mistake the outgoing message as being intended for itself. When 32-bit CRCs are used, half
duplex is the only methodvailable for transmission.

3.3.2 SDLC FrameFormat

The format of an SDLC frame is@hin in Figure. The frame consists of aggining of Frame
flag, Address field, Control Field, Information field (optional), a CRC, and the End of Frame flag.

BOF ADDRESS | CONTROL INFO CRC EOF

Typical SDLC Frame

BOF - The kegin of frame flag for SDLC is 01111110. It is only one of two possible combinations
that have six conseciie ones in SDLC. The other possibility is an abort character which consists
of eight or more conseaué ones. This is because SDLC utilizes a process called fihgtuit
stufing is the insertion of a 0 as thexh bit every time a sequence olvéi consecuve 1s is
detected. The reoeer automatically remves a 0 afteevery consecuve group of fre ones. This
removal of the O bit is referred to as bit stripping. Bitféhg is discussed in Section 3.3.4. All the
procedures required for bit $ting and bit stripping are automatically handled by the GSC.

In standard SDLC protocol the BOF signals the start of a frame and is limited to 8 bits in length.
Since there is no preamble in SDLC the BOF is considered an entire separate field and marks the
beginning of the frame. The BOF alsowes as the clock synchronization mechanism and the ref-
erence point for determining the position of the address and control fields.

ADDRESS- The address field is used to identify which stations the message is intem@&eatifio
secondary station muste a unique address. The primary station must then be anade of

which addresses are assigned to each station. The address length is specified as 8-bits in standard
SDLC protocoldout it is expandable to 16-bits in the C152. User software can fueitpemd the
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number of address bitlsyt the automatic address recognition feature works on a maximum of 16-
bits.

In SDLC the address are normally unique for each statiowebér, there areeveral classes of
messages that are intended for more than one station. These messages are called broadcast and
group addressed frames. An address consisting of all 1dwalys be automatically reised by

the GSC, this is defined as the broadcast address in SDLC. A group address is an address that is
common to more than one station. The GS&ides address masking bits t@ypde the capabil-

ity of recaving group address.

If desired, the user sefare can maskfball the bits of the address. This type of masking puts the
GSC in a pomiscuous mode so that all addresses areece

CONTROL - The control field is used for initialization of the system, identifying the sequence of
a frame, to identify if the message is complete, to tell secondary stations if a resgapseted,

and ackowledgment of paviously sent frames. The user software is responsible for insertion of
the control field as the GSC harare has no pwisions for the management of this field. The
interpretation and formation of the control field must also be handled by useareofT he infor-
mation following the control field is typically used for information tramsgsror reporting, and
various other functions. These functions are accomplished by the format of the control field.
There are three formatsailable. The types of formats are informational, SuperyjsorUnnum-

bered.

INFO - This is the information field and contains the data that emiealon the link wishes to
transmit to anotheradice. It can be ofay length the user wishesyt must be a multiple of 8 bits.

It is possible that some frames may contain no information field. The information field is identi-
fied to the redeing stations by the preceding control field and theofwlhig CRC. The GSC
determines where the last of the information field is by passing the bits through the CRC genera-
tor. When the last bit or EOF is reeed the bits that remain constitute the CRC.

CRC -The Cyclic Redundayy Check (CRC) is an error checking sequence commonly used in
serial communications. The C15#ars two types of CRC algorithms, a 16-bit and a 32-bit. The
32-bit algorithm is normally used in CSMA/CD applications and is described in section 3.2.2. In
most SDLC applications a 16-bit CRC is used and theAsaedconfiguration that supports 16-bit
CRC is slown in Figure bedw The generating polynomial that the CRC generator uses with the
16-bit CRC is:

G(X) =X+ x12+ x5+1

The way the CRC operates is that as a bit isvedat is XORd with bit 15 of the current CRC

and placed in temporary storage. The result of XOR’ing bit 15 with theveelckit is then XORI

with bit 4 and bit 11 as the CRC is shifted one position to the right. The bit in temporary storage is
shifted into position O.

The required CRC length for SDLC is 16 bits. The CRC is automatically stripped from the frame
and not passed on to the CPU. The last 16 bits are then run through the CRC generator to insure
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that the correct remainder is left. The remainder that iskeldefor is 001110100001111B (1DOF
Hex). If there is a mismatch, an error is generated. The user software has the option of enabling
this interrupt so the CPU is notified.

16-Bit CRC

(I3[ 3] [F e {e -

B,

EOF - The End Of Frame (EOF) indicates when the transmission is complete. The EOF is identi-
fied by the end flag. An end flag consists of the bit pattern 01111110, The EOF carvalss ser
the BOF for the ext frame.

3.3.3DATA ENCODING

The transmission of data in SDLC mode is done via NRZI encodingoas sh Figure bedw.

NRZI encoding transmits data by changing the state of the outpuevelnenO is being transmit-

ted. Whemver a 1 is transmitted the state of the output remains the same aevtbesbit and
remainsvalid for the entire bit time. When SDLC mode is selected it automatically enables the
NRZI encoding on the transmit line and NRZI decoding on thevedtiee. The Address and Info
bytes are transmitted LSB first. The Address and Info bytes are transmitted LSB first. The CRC is
transmitted MSB first.

0 :
NRZI | 'Erglll\T/E ii ﬂ H
.

3.3.4 BIT STUFFING/STRIPPING

In SDLC mode one of the primary rules of the protocol is thahynn@rmal data transmission,
there will rever be an occurrence of more than 5 conseeuts. The GSC takes care of this
housekeeping chore by automatically inserting a O ety occurrence of 5 consemd 1s and
the recever automatically reves a zero after remgéng 5 consecine 1s. All the necessary steps
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required for implementing bit diing and striping are incorporated into the GSC hardware. This
makes the operation transparent to the. Udeout the only time this operation becomes apparent
to the use is if the actual data on the transmission medium is being monitoredevica that is

not aware of the automatic insertion of 0s. The biffgtg/stripping guarantees that there will be
at least one transitiogvery 6 bit times while the line is aee.

3.3.5 SENDING ABCRT CHARACTER

An abort character is one of tleceptions to the rule that disalls more than 5 consecug 1s.

The abort character consists ofyaccurrence ofeven or more conseaue ones. The simplest

way for the C152 to send an abort character is to clear the TEN bit. This causes the output to be
disabled which, in turn, forces it to a constant high state. The delay necessary to insure that the
link is high for ®ven bit times is a task that needs to be handled by useaseftOther methods

of sending an abort character are using the &ter or using the & Transmit mode. Using

IFS still entails clearing the TEN blut TEN can be immediately re-enabled. Tlegtrmessage

will not begin until thelES expires. The IFS &gins timing out as soon &EN goes high which
identifies the end of transmission. This also requires that IFS comtalneaequal to or greater

than 8. This method mayave the undesirablefect thatDEN goes high and disables theernal

drivers. The other alternge is to switch to Bv Transmit mode. Then, writing OFFH to TFIFO
would generate a high output for 8 bit times. This metivodld leave DEN actve during the
transmission of the abort characte

When the redeer detectseven or more consedut 1s and data has been loaded into thewece
FIFO, the RCABT flag is set in RBT and the frame is ignored. If no data has been loaded into
the receve FIFO, there are no abort flags set and that frame is just ignored. A retransmitted frame
may immediately folbw an abort charaateprovided the proper flags are used.

3.3.6 LINE IDLE

If 15 or more consecive 1s are detected by the nees the Line Idle (LNI) in TSAT is set. The

seven 1s from the abort character may be included when sensing for a line idle condition. The
same methods used for sending the Abort character can be used for creating the Idle condition.
However, thevalues would need to be changed to reflect 15 bit times, insteexkaflst times.

3.3.7ACKNOWLEDGEMENT

Acknowledgment in SDLC is an implied aatwledge and is contained in the control fighdrt

of the control frame is the sequence number of éieaxpected frame. This sequence number of

is called the Regee Count. In transmitting the Reee Count, the redeer is in fact ackawledg-

ing all the pevious frames prior to the count that was transmitted. Thisvalfor the transmis-

sion of up to even frames before an adwledge is required back to the transmmitt€he
limitation of sven frames is necessary because theiRe€ount in the control field is limited to
three binary digits. This means that if an eighth transmission occurredaihid cause theaxt
Receve Count to repeat the first count that stillviaiting for an ackawledge. This would defeat

the purpose of the ackwledgment. The processing and general maintenance of the sequence
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count must be done by the user waifte. The Hardlare Based Ackowledge option that is pro-
vided in the C152 is not compatible with standard SDLC protocol.

3.3.8 PRIMARY/SECONDARY STATIONS

All SDLC networks are based upon a primary/secondary station relationship. There can be only
one primary station in a network and all the other stations are considered sgcathdammu-

nication is between the primary and secondary station. Secondary station to secondary station
direct communication is prohibited. If there is a need for secondary to secondary communication,
the user softare will have to make atiwances for the master to act as an intermgd&econdary
stations are adlved use of the serial line only when the master permits them. This is done by the
master polling the secondary stations to seeey tiave a need to access the serial line. This
should pevent any collisions from occurring, prvided each secondary station haws unique
address. This arrangement also partially determines the typesaafrkesupported. Normally

SDLC networks consists of point-to-point, multi-drop, or ring configurations and the C152 sup-
ports all of these. blvever, some SDLC processors support an automatic one bit delay at each
node that is not supported by the C152. In a “Loop Mode” configuration, is necessary that the
transmission be delayed from the reception of the frames from the upstream station before passing
the message to thendnstream station. This delay is necessary so that a station can decode its
own address before the message is passed owafibes neworks are sbwn in Figure.

4* PRIMARY

SECONDARY

Point-to-point Network

v

PRIMARY

SECONDARY| |SECONDARY| |[SECONDARY

Multi-D rop Network

PRIMARY |

SECONDARY SECONDARY Ring Network

SECONDARY
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3.3.9 HDLC/SDLC COMPARISON

HDLC (High level Data Link Control) is a standard adopted by the International Standayals O
nization (ISO). The HDLC standard is defined in the 1ISO document # 1SO6159 -HDLC unbal-
anced classes of procedure. IBMveloped the SDLC protocol as a subset of HDLC. SDLC
confirms to HDLC protocol requirementsjt is more restricte. SDLC contains a more precise
definition on the modes of operation.

Some of the major tfierences between SDLC and HDLC are:

SDLC HDLC
Unbalanced (primary/secondary) Balanced (peer to peer)
Modulo 8(no extensiors allowed, Modulo 128 (up to 127 outstanding frames before

ackrowledge is required)

up to 7 out-standing frames before

ackrowledge is required)
8-bit addressing only Extended addressing
Byte aligned data Variable size of data

The C152 does not support HDLC implementation requiring data alignment other than byte align-
ment. The user will find that mg of the protocol parameters are programmable in the C152
which allows easy implementation of proprietary or standard HDLQvowd User software
needs to implement the control field functions.

3.3.10 USING A PREAMBLE IN SDLC

When transmitting a preamble in SDLC mode, the user shouldvhee that the pattern of
10101010.....is output. NRZI encoding is used in SDLC when the internal baud rate generator is
the clock source and this means that a transition will caary two bit times, when a 0 is trans-
mitted. This compares with some others SDL&iaks, most of which transmit the pattern
00000000..... which will cause a transitewery bit time. Our pastxperience has swn that the
C152 preamble does not cause a problem with most adhieed. This is because the preamble is
used only to define the reika bit time boundaries within somariation albwed by the redging
station, and the C152 does navé ay problems with redging a preamble consisting of all Os.
One note of cautiondwever. If idle fill flags are used in conjunction with a preamble, the address
00(00)H and 55(55) H should not be assignedhyoGi52 as the preamble folNing the idle fill
flags will be interpreted as an address.

3.4 User Defined Potocols

The explanation on the implementation of user defined protocols wouldygmb the scope of

this manualput examiningTable 3.1 shouldige the reader a consolidated list of most of the pos-
sibilities. In this manual, iy deviation from the documents thaower the implementation of
CSMA/CD or SDLC are considered user defined protocols. Examples of this would be the use of
SDLC with the 32-bit CRC selected or CSMA/CD with haade based ackwledge.
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3.5 USING THE GSC

3.5.1 LINE DISCIPLINE

Line discipline is low the management of the transfer of datar the physical medium is con-
trolled. Two types of line discipline will be discussed in this section: full @uphd half dupx.

Full duplex is the simultaneous transmission and reception of data.Fukxdupks aywhere

from two to four wires. At least one wire is needed for transmission and one write for reception.
Usually there will also be a ground reference on each signal if the distance from station to station
is relatvely long. Full-dupéx operation in the dC152 requires that both theivecand the trans-

mit portion of the GSC are functioning at the same time. Since both the transmitter awel rece
are operating, two CRC generators are also needed. The C152 handles this prolleny lonk

32-bit CRC generator and one 16-bit CRC gener&ltthen supporting full-dupk operation, the

32-bit CRC generator is modified to work as a 16-bit CRC gene¥atwenever the 16-bit CRC

is selected, the GSC automatically enters the fulleuplode. Half dupdx with a 16-bit CRC is
discussed in the faing paragraph.

Half duplex is the alternate transmission and reception of daaa single common wire. Only
one or o wires are needed in half-deplsystems. One wire is needed for the signal and if the
distance to beavered is long there will also be a wire for the found reference. In hal&dupl
mode, only the redeer or transmitter can operate at one time. When théveroer transmitter
operates is determined by user waite, but typically the receer will aways be enabled unless
the GSC is transmitting. When using the C152 in half@uahd the redger is connected to the
transmitter it is possible that a station will reeeits’ own transmission. This can occur if a
broadcast address is sent, the address negstar(s) are filled with all 1s, or the address being
sent matches the sending stations address through the use of the address agisteirsy the
recaver must be disabled by the user while transmittinghyf af these conditions will occu
unless the usavants a station to rece itsown transmission. The reieer is disabled by clearing
GREN (and GAREN if used). Half-dugx operation in the C152 is supported with either 16-bit or
32-bit CRCs. Whesver a 32-bit CRC is selected, only half-dexpbperation can be supported by
the GSC. It is possible to simulate full-depbperation with a 32-bit CR®ut thiswould require
that the CRC be performed with software. Calculating the CRC with the CPU would greatly
reduce the data rates that could be used with the GSC.eWnen16-bit CRC is selected, full-
duplex operation is automatically chosen and the GSC must be reconfigured if haX oljogia-

tion is preferred.

3.5.2 PLANNING FOR NETWORK CHANGES AND EXPANSIONS

A completeexplanation on ho to plan for nvebrk expansion will not be avered in this manual as
there arear too may possibilities thatvould need to be discussed. But there arersl areas
that will have major impact when allving for changes in the system. In cases where there will
never be ay changes atlwed, expansion plans become a mute issuavéVer, it is strongly sug-
gested that therdways be some allvance for future modifications.
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Some of the general areas that will impact dhierall scheme ondw to incorporate future
changes to the system are:

1) Communication of the change to all the stations or the primary station.
2) Maximum distance for communication. This wilfexct the divers used and the slot time.

3) More stations may be on the line at one time. This may impact the interframe space or the col-
lision resolution used.

4) If using CSMA/CD without deterministic resolutiomyaincrease in netork size will rave a
negaive impact on theverage throughput of the mairk and bwer the éficiency. The user will
have to gve careful consideration when decidingnhlarge a system can ultimately be and still
maintain adequate performance.

3.5.3 DMA SERVICING OF GSC CHANNELS

There are two sources that can be used to control the GSC. The first is CPU control and the sec-
ond is DMA control.

CPU control is used when user sddte t&kes care of the tasks such as: loading the TFIFO, read-

ing the RDIFO, checking the status flags, and general tracking of the transmission process. As the
number of tasks gw and higher data transfer rates are usedpvaehead required by the CPU
becomes the dominant consumption of timeerually, a point is reached where the CPU is
spending 100% of its time responding to the needs of the GSC. An altelisdd lave the DMA
channels control the GSC

A detailedexplanation on the general use of the DMA channelovered in Section 4. In this
section only those details required for the use of the DMA channels with the GSC wilebec:

The DMA channels can be configured by usenvgnfe so that the GSC data transfers are serviced

by theDA controlle. Since there arevb DMA channels, one channel can be used to service the
recaver, and one channel can be used to service the transhmttesing the DMA channels, the

CPU is reived of much of the time required to do the basic servicing of the l&8€rs. The

types of servicing that the DMA channels caavite are: loading of the transmit FIFO, r@m

ing data from the recee FIFO, notification of the CPU when the transmission or reception has
ended, and response to certain error conditions. When using the DMA channels the source or des-
tination of the data intended for serial transmission can be internal data ynexternal data
memoy, or avy of the SFRs.

The only tasks required after initialization of the DMA and G&fisters are enabling the proper
interrupts and informing the DMA controller when to start. After the DMA channels are started
all that is required of the CPU is to respond to error conditions or wait until the end of transmis-
sion.

Initialization of the DMA channels requires setting up the control, source, and destination address
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registers. On the DMA channel servicing the reee the control egister needs to be loaded as
follows: DCONN.2 = 0, this sets the transfer mode so that response is to GSC interrupts and put
the DMA control in alternateycle mode; DCONN.3 = 1, this enables the demand mode;
DCONN.4 = 0, this clears the automatic increment option for the source address; and DCONN.5 =
1, this defines the source as SFR, The DMA channel servicing theerealso needs its source
address agister to contain the address of RFIFO (SHRHN = XXH, SARLN = 0F4H). On the
DMA channel servicing the transmittethe control egister needs to be loaded as dolé:
DCONN.2 = 0; DCONN.3 = 1; DCONN.6 = 0, this clears the automatic increment option for the
destination address; and DCONN.7 = 1, this sets the destination as SFR. The DMA channel serv-
ing the transmitter also requires that its destination addgissar contains the address of TFIFO
(DARHN = XXH, DARLN = 85H). Assuming that DCONO would be serving the inezreand
DCONL1 the transmitte DCONO would be loaded with XX1010X0B. The contents of SARHO
andDARH1 do not lave any impact when using internal SFRs as the source or destination.

When using the DMA channels to service the GSC, the byte cagisters will also need to be
initialized.

The Done flag for the DMA channel servicing the reeeshould be used ifxied packet lengths
only are being transmitted or to insure that memory isoaet-written by long receed data
packets. @erwriting of data can occur when using a smdiigfer than the pdet size. In these
cases the servicing of the DMA and/or G®&Guld be in response to the DMA Done flag when
the byte count reaches zero.

In some cases thmiffer size is not the limiting factor and the packet length will be awwkinin

these cases it would be desirable to eliminate the function of the Don&ofldfectvely disable

the Done flag for the DMA channel servicing the reee the byte count should be set to some
number lager than ay packet that will be redeed, up to 64K. If not using the Done flag, then
GSC servicing would be iken by the redee Done (RDN) flag and /or interrupt. RDN is set
when the EOF is detected. When using the RDN flag, RFNE should also be checked to insure that
all the data has been emptied out of theivecelFO.

The byte countagister is used for all transmissions and this means that &k{sagoing out will

have to be of the same length or the length of the packet to be serdmeilichbe kiown prior to

the start of transmission. When using the DMA channels to service the GSC trantimeitéeis

no practical way to disable the Done flag. This is because the transmit done flag (TDN) is set
when the transmit FIFO is empty and the last message bit has been transmitted. But, when using
the DMA channel to service the transmitteads to the TFIFO continue to occur until the byte
count reaches 0. This makes it impossible to use TDN as a flag to stop the DMA transfers to
TFIFO. It is possible taxamine some otheregisters or conditions, such as the current byte
count, to determine when to stop the DMA transfers to TFHeOthis is not recommended as a

way to service the DMA and GSC when transmitting because frequent reading of the DMA regis-
ters will cause thefeective DMA transfer rate to aiv down.

When using the DMA channels, initialization of the G®Guld beexactly the same as normal

except that TSAT.0 = 1 (DMA), this informs the GSC that the DMA channels are going to be
used to service the GSC. Although onlyTAS is written to, both the reoeer and transmitter use
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this same DMA hit.

The interrupts EGSTE (IEN1.5), GSC transmit error; EGSTV (IEN1.3), GSC tranaiiut
EGSRE (IEN1.1), GSC rene error; and EGRV (IEN1.0), GSC reaee valid; need to be
enabled. The DMA interrupts are normally not used when servicing the GSC with the DMA chan-
nels.To ensure that the DMA interrupts are normally not used when servicing the GSC with the
DMA channelsTo ensure that the DMA interrupts are not responded to is a function of the user
software and should be checked by the software to make syraréhnot enabled. priority for
these interrupts can also be set at this time. Whether to use higlv pribrity needs to be
decided by the useWhen responding to the GSC interrupts, butfer is being used to store the
GSC information, then the DMAegisters used for thisuffer will probably need updating.

After this initialization, all that needs to be done when the GSC is actually going to be used is:
load the byte count, set-up the source addresses for the DMA channel servicing the transmitte
set-up the destination addresses for the DMA channel servicing theereaad start the DMA
transfe. The GSC enable bits should be set first and then the GO bits for the DMA. This initiates
the data transfers.

This simplifies the maintenance of the GSC and cakentlae implementation of aexternal
buffer for padketized information automatic.

An externalbuffer can be used as the source of data for transmission, or the destination of data
from the recever. In this arrangement, the message size is limited to the RAM size or 64K, which-
ever is smalle By using arexternalbuffer, the data can be accessed by otlegicds which may

want access to the serial data. The amount of time required fextdmaal data raves will also
decrease. Under CPU control, aCMX” command would take 24 oscillator periods to complete.
Under DMA controlexternal to internal, or internal &xternal, data rmves take only 12 oscilla-

tor periods.

3.5.4BAUD RATE

The GSC baud rate is determined by the contents of the BBRRD, or theexternal clock. The
formula used to determine the baud rate when using the internal clock is:

(fosc)/ (BAUD +1)*8)
For example if a 12 MHz oscillator is used the baud rateveay from:
12,000,000/ ((0+1)*8) = 1.5 MBPS
to:
12,000,000/((255+1)*8) = 5.859 KBPS

There are certain requirements that ekiernal clock will need to meet. These requirements are
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specified in the data sheBar a description of the use of the GSC vatkernal clock please read
Section 3.5.11.

3.5.5INITIALIZ ATION

Initialization can be biken dwn into two major components, 1) initialization of the component
so that its serial port is capable of proper communication; and 2) initialization of the system or a
station so that intelligible communication cakealace.

Most of the initialization of the component has already been discussed iretfmiprsections.

Those items notavered are the parameters required for the componeffetively communi-

cate with other components. These types of issues are common to both system and component ini-
tialization and will be overed in the folbwing text.

Initialization of the system can be kem dwn into ®veral steps. First, are the assumptions of
each network station.

The first assumption is that the type of data encoding to be used is predetermined for the system
and that each station will adhere to the same basic rules defining that encoding. The second
assumption is that the basic protocol and line discipline is predeterminedawd Rinis means

that all stations are using CSMA/CD or SDLC or veéhat, and that all stations are either full or

half dupkx. The third assumption is that the baud rate is preset for the whole system. Though the
baud rate could probably be determined by the microprocessor just by monitoring the link, it will
make it much simpler if the baud rate islm in ad/ance.

One of the first things that will be required during system initialization is the assignment of
unique addresses for each station. in a two-station omigpement this is not necessary and can

be ignored. ldwever, keep in mind, that all systems should be constructed for easy épae-

sions. Thereforegven in only a two station system, addresses should be assigned. There are three
basic ways in which addresses can be assigned. The first, and most common is preassigned
addresses that are loaded into the station by the Tisis could be done with a DIP-switch,
through a kyboard. The second method of assigning addresses is to randomly assign an address
and then check for its uniqueness throughout the system, and the third method k& tanma
inquiry to the system for the assignment of a unique address. Once the method of address assign-
ment is determined, the method should become part of the specifications for the system to which
all additions will lave to adhere. This, then, is the final assumption.

The regotiation process may not be clear for some readers. Thovifalj two procedure are
given as a guideline for dynamic address assignment.

In the first procedure, a station assumes a random address and then checks for its uniqueness
throughout the system. As a station is initialized into the system it sends out a message containing
its assumed address. The format of the message should be suaty tht#tian decoding the
address recognizes it as a request for initialization. if that address is already usedj\img rece
station returns a message, with atgn address starting that the address in question is already
taken. The initializing station then picks another address. When the initializing station sends its
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inquiry for the address check, a timer is also started. If the erpares before the inquiry is
responded to, then that station assumes the address chosen is oka

In the second procedure, an initializing station asks for an address assignment from the system.
This requires that some station on the lirketaare of the task of maintaining a record of which
addresses are used. This station will be called station-1. When the initializing station, called sta-
tion-2, gets on the link, it sends out a message with a broadcast address. The format of the mes-
sage should be such that all other stations on the link recognize it as a request for address
assignmentPart of the message from station-2 is a random number generated by the station
requesting the address. Station-2 tleeamines all redeed messages for this random numbe

The random number could be the address of thevertenessage or could be within the informa-

tion section of a broadcast frame. All the stati@sept station-1, on the link should ignore the
initialization request. Station-1, upon regrg the initialization requests, assigns an address and
returns it to station-2. Station-1 will be required to format the message in such a manner so that all
stations on the link recognize it as a response to initialization. This means that all skatqms
station-2 ignore the return message.

3.5.6 TEST MODES

There arewo test modes associated with the GSC that are madable to the useThe test
modes are namedaR Recéve and Rw Transmit. The test modes are selected by the proper set-
ting of the two mode bits in GMOD (MO = GMOD.5, M1 = GMOD.6). If M1, MO = 0,1 thewR
Transmit is selected. If M1,M0 = 1,0 themiRRecéve is enabled. The 32-bit CRC cannot be
used in ay of the test modes, or else CRC errors will accu

In Raw Transmit, the transmit output is internally connected to the iRacenput. This is
intended to be used as a local loop-back test mode, so that all data written to the transmitter will
be returned by the reiser. Raw Transmit can also be used to transmit user datawf Ransmit

is used in this way the data is emitted with no preamble, flag, address CRC, nd no bit insertion.
The data is still encoded with wiea¢r format is selected, Manchester with CSMA/CD, NRZI

with SDLC or as NRZ iexternal clocks are used. The ra@g still operates as normal and in this
mode most of the rebee functions can be tested.

In Raw Receve, the transmitter should legternally connected to the reeer. To do this a port

pin should be sued to enableexternal avice to connect theno pins togethe in Raw Recéve

mode the redeer acts as normadxcept that all bytes fallving the BOF are loaded into the
recave FIFO, including the CRC. Also address recognition is noveabut needs to be per-
formed in software. If SDLC is selected as the protocol, zero-bit deletion is still enabled. The
transmitter still operates as normal and in this mode most of the transmitter functions and an
external transdeer can be tested. This is also the only way that the CRC can be read by the CPU,
but the CRC error bit will not be set.

3.5.7 EXTERNAL DRIVER INTER FACE

A signal is povided from the C152 to enable transmitteivers for the serial link. This is pro-
vided for systems that require more than what the GSC ports are capabigesfrde| Thevolt-
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age and currents that the GSC is capableafiging are the samelels as those for normal port
operation. The signal used to enableekternal divers isDEN. No similar signal is needed for
the recever.

DEN is acive one bit time before transmissioggins. In CSMA/CDDEN remains acte for two
bit times after the CRC is transmitted. In SDDEN remains acte until the last bit of the EOF
is transmitted.

3.5.8 JITTER (RECEIVE)

Data jitter is the dference between the actual transmittemyeform and thesxact calculated
value(s). In NRZI, data jitter would benl much the actual awe-formexceeds or falls short of

one calculated bit time. A bit time equal 1/ baud rate. If using Manchester encoding, there can be
two transitions during one bit time asosi in Figure bedw. This causes a second parameter to

be considered when trying to figure out the complete data jitter amount. This other parameter is
the half-bit jitte. The half-bit jitter is comprised of theffirence in time that the half-bit transition
actually occurs and the calculatealue. Jitter is important because if the transition occurs too
soon it is considered noise, and if the transition occurs too late, then either the bit is missed or a
collision is assumed.
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3.5.9Transmit Waveforms

The CSC is capable of three types of data encoding, MancHéeBt2l, and NRZ. Figure slws
example of all three types of data encoding.
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3.5.10 Recwrer Clock Recovery

The recever is always monitored at eight times the baud rate freguexcept when amxternal
clock is used. When using axternal clock the redeer is loaded during the clodycle.

In CSMA/CD mode the receer synchronizes to the transmitted data during the preamble. If a
pulse is detected as being too short it is assumed to be noise or a collision. If a pulse is too long it
is assumed to be a collision or an idle condition.

In SDLC the synchronization takes place during the BOF flag. In addition, pulses less than four
sample periods are ignored, and assumed to be noise. This@eés Anhit on the pulse size of
receved zeros.

In CSMA/CD the preamble consists of alternating 1s and 0s. Consegguleatpreamble looks
like the waveform in Figure A and B.
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3.5.11 Extenal Clocking

To selecexternal clocking, the user isvgn three choices. External clocking can be used with the
transmitte, with the recever, or with both.To selecexternal clocking for the transmitteXTCLK
(GMOD.7) has to be set to aTo selecexternal clocking for the receer, XRCLK (PCON.3) has

to be setto a 1. Set ting both bits to 1 fomesrnal clocking for the receer and transmitte The
minimum frequeny the GSC can bexternally clocked at is 0 Hz (D.C.).

Theexternal transmit clock is applied to pin 4 (TXC), P1.3. &kiernal recese clock is applied
to pin 5 (RXC), P1.4To enable thexternal clock function on the port pin, that pin has to be set to
a 1 in the appropriate SFR, P1.

Wherever theexternal clock option is used, the format of the transmitted andvesteata is
restricted to NRZ encoding and the protocol is restricted to SBVI@. external clock, the bit
stufing/stripping is still agve with SDLC protocol.

3.5.12 Determining Recerer Errors

It is possible thateseral recever error bits will be set in response to a single cause. The multiple
errors that can occur are:

AE and CRCE may both be set when an alignment error occurs due to a bad CRC caused by the
misaligned frame.

RCABT, AE, and CRCE may be set when an abort occurs.
OVR, AE, and CRCE may be set wheowrrun occurs.

In order to determine the correct cause o the error a specific order shouldwedelherexam-
ining the error bits. This order is:

1) OVR

2) RCBAT
3) AE

4) CRCE

3.5.13 Addessing

There are four 8-bit addresyisters (ADRO, ADR1, ADR2, ADR3) and two 8-bit address mask
registers (AMSKO, AMSK1) in the C152. These function with the GSCivec®nly. The trans-

mitted address is treated likeyaother data. The address is transmitted under software control by
placing the address byte(s) at the proper location (usually first) in the sequence of bytes to be out-
put in the outgoing p#et.

The C152 candwe up to four diferent 8-bit addresses avd different 16-bit addresses assigned
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to each station. When using 16-bit addressing, ADRO:ADR1 form one address and ADR2:ADR3
form the second address. If the iigee is enabled, it looks for a matching address atery

BOF flag is detected. As the data is reed, if the 8th (or 16th) bit does not match the address
recognition circuity, the rest of the frame is ignored and the search continues for another flag. if
the address does match the address recognition giydhiér address and all subsequent data is
passed into the reise FIFO until the EOF flag or an error occurs. The address is not stripped and
is also passed to RFIFO.

The address maskinggisters, AMSKO and AMSK1, work in conjunction with ADRO and ADR1
respeatvely to identify “dont care” bits. A 1 in ay position in the AMSKn egister makes the
respedive bit in the ADRnN egister irreevant. These combinations can then be used for form
group addresses. If the maskirgisters are filled with all 1s, the C152 will reee all packets,
which is called the promiscuous mode. If 16-bit addressing is used, AMSKO:AMSK1 form one
16-bit address mask.

3.6 GSC Operation

3.6.1 Determining Line Discipline

In normal operation the GSC uses full or half éypbperation. When using a 32-bit CRC
(GMOD.3 = 1), operation can only be half dapllf using a 16-bit CRC (GMOD.3 = 0), full
duplex is selected by default. When using a 16-bit CRC thavecean be turnedfowhile trans-
mitting (RSTAT.1 = 0), and the transmitter can be turnfdlaring reception (TPAT.1 = 0). This
simulates half-dugk operation when using a 16-bit CRC.

Normally, HDLC uses a 16-bit CRC, so half depis determined by turningfiothe recéver or
transmitte. This is so that the reiser will not detect itown address as transmissiokea place.
This also needs to be done when using CSMA/CD with a 16-bit CRC for the same reason.

3.6.2 CPU/DMA CONTROL OF THE GSC

The data for transmission or reception can be handled by either the CIPAT({@S 0) or DMA
controller (TSAT.0 = 1). This albws the user two sets of flags to control the FIFO. Associated
with these flags are interrupts, which may be enabled by the user software. Either one or both sets
of flags may be used at the same time.

In CPU control mode the flags (RFNE, TFNF) are generated by the condition of tive i@ce
transmit FIFOs. After loading a byte into the transmit FIFO, there is a one macyutelatercy

until the TFNF flag is updated. Because of this latetihe status of TFNF should not be dkext
immediately folbwing the instruction to load the transmit FIFO. If using the interrupts to service
the transmit FIFO, the one machiogcle of latermy must be considered if the TFENF flag is
checked prior to laving the subroutine.

When using the CPU for control, transmission normally is initiated by setting TEN BI&ATTH
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and then writing to TFIFO. TEN must be set before loading the transmit FIFO, as setting TEN
clears the transmit FIFO. TCDCNT should also be kbedy user softare and cleared if a col-
lision occurred on a prior transmission.

To enable the reoeer, GREN (RJAT.1) is set. After GREN is set, the GS&jims to look for a

valid BOF. After detecting avalid BOF the GSC attempts to match the nem@ address byte(s)
against the address matdgisters. When a match occurs the frame is loaded into the GSC. Due
to the CRC strip hardware, there is a 40 or 24 bit time delaywviol the BOF until the first data

byte is loaded into RFIFO if the 32 or 16 bit CRC is chosen. If the end of frame is detected before
data is loaded into the raee FIFO, the reager ignores that frame.

If the recéver detects a collision during reception in CSMA/CD mode andyibgtes lave been

loaded into the recee FIFO, the RCABT flag is set. The GSC veade then halts reception and
resets GREN. The user swéire needs to filtema collision fragment data which maye been
recaved. If the collision occurred prior to the data being loaded into RFIFO the CPU is not noti-
fied and the redeer is left enabled. At the end of a reception the RDN bit is set and GREN is
cleared. In HABEN mode this causes an agkedgment to be transmitted if the frame did not
have a broadcast or multi-cast address. The user software can enable the interrupt for RDN to
determine when a frame is completed.

In DMA mode the interrupts are generated by the internal “transmit/eedene” (TDN,RDN)
conditions. When the CPU responds to TDN or RDN, checks are performed to see if the transmit
underrun error has occurred. The underrun condition is onlketlechen using the DMA chan-

nels.

Upon mpwer up the CPU mode is initialized. General DMA control ageced in Section 4.0
DMA control of the GSC isavered in Section 3.5.4. If DMA is to be used for serving the GSC, it
must be configured into the serial channel demand mode and the DMA biAT Ti8s to be set.

3.6.3 COLLISIONS AND BACKOFF

The actions that areken by the GSC if a collision occurs while transmitting depend on where the
collision occurs. If a collision occurs in CSMA/CD mode doling the preamble and BOF flag,

the TCDT flag is set and the transmit heade completes a jam. When this type of collision
occurs, there will be no automatic retry at transmission. After the jam, control is returned to the
CPU and user saffare must then initiate whaer actions are necessary for a propeovey.

The possibility that data mighte been loaded into or from the GSC dessrspecial consider-
ation. If these fragments of a messageehbeen passed on to othevides, user softare may

have to perform somextensve error handling or notification. Before startingewmessage, the
transmit and recee FIFOs will need to be cleared. If DMA servicing is being used the pointers
must also be reinitialized. It should be noted that a collision sheué occur after the BOF flag

in a well designed system, since the system slot time keéllylibe less than the preamble length.
The occurrence of such a situation is normally due to a station on the link that is not adhering to
proper CSMA/CD protocol or is not using the same timing s as the rest of W@ lnet

A collision occurring during the preamble or BOF flag is the normal type of collision that is
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expected. When this type of collision occurs the GSC automatically handles the retransmission
attempts for as nmy as eight tries. If on the eighth attempt a collision occurs, the transmitter is
disabled, although the jam and badk are performed. If enabled, the CPU is then interrupted.
The user softare should then determine what action tetal'he possibilities range from just
reporting the error and aborting transmission to reinitializing the serial chasgyskrs and
attempt retransmission.

If less than eight attempts are desired TCDCNT can be loaded withvatireenvhich will reduce

the number of collisions possible before TCDCtVErflows. Thevalue loaded should consist of

all 1s as the least significant bits, e.g. 7, OFH, 3FH. A solid block of 1s is suggested because TCD-
CNT is used as a mask when generating the random slot number assignment. The TE&PCNT r
ister operates by shifting the contents one bit position to the left as each collision is detected. As
each shift occurs a 1 is loaded into the LSB. When TCDGMTflows, GSC operation stops and

the CPU is notified by the setting of the TCDT bit which can flag an interrupt.

The amount of time that the GSC has before it must be ready to retransmit after a collision is
determined by the mode which is selected. The mode is determined MO (GMOD.5) and M1
(GMOD.6). If MO and M1 equal 0,0 (normal ba¢Rahen the minimum period before retrans-
mission will be either the interframe space or thekbtigeriod, whiclever is longe If MO and

M1 equal 1,1 (alternate bieaff) then the minimum period before retransmission will be the inter-
frame space plus the badkperiod. Both of these are @hin in table badw. Alternate backid

must be enabled if using deterministic resolution. If the GSC is not ready to retransmit by the time
its assigned slot becomeagilable, the slot time is lost and the station nwait until the colli-

sion resolution time period has passed.

Table 13:

What the GSC was doing Response

nothing None, Unless DCR =1.
If DCR = 1, kegin DCR countdwn

Receving a Frame, first byte not in RFIFO yet. None, unless DCR = 1.
If DCR = 1, kegin DCR countdwn.

Receving a Frame, first byte already in RFIFO. | Set RCAH, clear GREN.
If DCR = 1, kegin DCR countdwn.

Transmitting a Frame, first byte still in TFIFO Execute jam/baaff.
Restart if collision court 8.

Transmitting a Frame, first byte alreadean from | Execute jam/baaff.
TFIFO Set TCOI, clear TEN.

Instead ofwaiting for the collision resolution to pass, the transmission could be aborted. The deci-
sion to abort is usually dependent on the number of stations on the linkvamdahy collisions

have already occurred. The number of collisions can be obtainedhbyining the egistea, TCD-

CNT. The abort is normally implemented by clearing TEN. Tég tiansmission &gins by set-

ting TEN and loading TFIFO. The minimum amount of tiameilable to initiate a retransmission
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would be one interframe space period after the line is sensed as being idle.

As the number of stations approach 256 the probability of a successful transmission decreases
rapidly. If there are more than 256 stationgolved in the collision there would be no resolution
since at least two of the stations will alwaysédthe same b#off interval selected.

All the stations monitor the link as long as that station is@@ven if not attempting to transmit.
This is to ensure that each statitways defers the minimum amount of time before attempting a
transmission and so that addresses are recognipeavet, the collision detect circuitry operates
slightly differently.

In normal back-f mode, a transmitting statiotveays monitors the link while transmitting. If a
collision is detected one or more of the transmitting stations apply the jam signal and all transmit-
ting stations enter the backfalgorithm. The redging stations also constantly monitor for a col-
lision but do not take part in the resolution phase. Thaalla station to try to transmit in the
middle of a resolution period. This in turn may or may not cause another collision. éntlstan

tion trying to transmit on the link does so during an unused slot time then there will probably not
be a collision. If trying to transmit during a used slot time, then there will probably be a collision.
The actions the rebeer does take when detecting a collision is to just stopuwiagedata if data

has not been loaded into RFIFO or to stop reception, cleavee@nable (REN) and set the
recaver abort flag (RCABT - RBAT.6).

If deterministic resolution is used, the transmitting stations go through pretty much the same pro-
cess as in normal backfoexcept that the slots are predetermined. All theivecs go through
the back-ff algorithm and may only transmit during their assigned slot.

3.6.4 SUCCESSFUL ENDING OF TRANSMISSIONS AND RECEPTIONS

In both CSMA/CD and SDLC modes, the TDN bit is set and TEN cleared at the end of a success-
ful transmission. The end of the transmission occurs when the TFIFO is empty and the last byte
has been transmitted. In CSMA/CD the user should clear the TCD&jWIer after successful
transmission.

At the end of a successful reception, the RDN bit is set and GREN is cleared. The end of reception
occurs when the EOF flag is detected by the GSCGnzaed

3.7 GSC Regqister Descriptions

ADRO,1,2,3 (95H, 0A5H, OB5H, 0C5H) - Address MatolgRters 0,1,2,3 - Contains the address
matchvalues which determines which data will be acceptedibd. In 8 bit addressing mode, a
match with ay of the four egisters will trigger acceptance. In 16 bit addressing mode a match
with ADR1:ADRO or ADR3:ADR2 will be accepted. Addressing mode is determined in
GMOD(AL).

AMSKO,1 (OD5H, OE5H) - Address Mask 0,1 - Identifies which bits in ADRO,1 are' tdane”
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bits. Writing a one to a bit in AMSKO,1 masks out that corresponding bit in ADDRO, 1.

BAUD (94H) -GSC Baud Rate Generator - Containsvileae of the programmable baud rate.
The data rate will equal (frequanof the oscillator)/AUD +1) x (8)). Writing toBAUD actu-

ally stores thevalue in a reloadegiste. The reload agister contents are copied into tBAUD
register when the Bauagister decrements to 00H. ReadB®UD yields the current timeralue.

A read during GSC operation wilivgg avalue that may not be current because the timer could
decrement between the time it is read by the CPU and by the timaldleds loaded into its des-
tination.

BKOFF(OC4H) - Backfs Timer -The backf timer is an eight bit countesivn timer with a clock
period equal to one slot time. The keif time is used in the CSMA/CD collision resolution algo-
rithm. The user software may read the tirnetr thevalue may benvalid as the timer is clocked
asynchronously to the CPU. Writing to 0C4H wilve no dfect.

GMOD(84H)
7 6 5 4 3 2 1 0
XTCLK | M1 | MO AL CT | PL1 | PLO | PR

GMOD.0 (PR) - Protocol - If set, SDLC protocols with NRZI encoding and SDLC flags are used.
If cleared, CSMA/CD link access with Manchester encoding is used. The us&rsaft respon-
sible for setting or clearing this flag.

GMOD.1,2 (PLO,1) - Preamble length

PL1 PLO LENGTH (BITS)
0 0 0

0 1 8

1 0 32

1 1 64

The length includes thavb bit Begin Of Frame (BOF) flag in CSMA/Cbut does not include the
SDLC flag. In SDLC mode, the BOF is an SDLC flag, otherwise it is two comgeautes. Zero
length is not compatible in CSMA/CD mode. The user software is responsible for setting or clear-
ing these bits.

GMOD.3 (CT)-CRCType - If set, 32 biIAUTODINII -32 is used. If cleared, 16 bit CRC-CCITT
is used. The user software is responsible for setting or clearing this flag.

GMOD.4 (AL) - Address Length - If set, 16 bit addressing is used. In 8 bit mode a matchywith a
of the 4 addressgisters will be accepted (ADRO, ADR1, ADR2, ADR3). “Db@are” bits may

be masked in ADRO and ADR1 with AMSKO and AMSK1. In 16 bit mode, addresses are
matched againstADR1:ADRO” or “ADR3: ADR2". Again, “Dorit Care” bits in ADR1:ADRO
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can be mased in AMSK1:AMSKO. A recesed address of all ones willveays be recognized in
any mode. The user softare is responsible for setting or clearing this flag.

GMOD.5,6 (MO,M1) - Mode SelectFwo test modes, an optional “alternate bdtkmode, or
normal back-&f can be enabled with these two bits. The user software is responsible for setting or
clearing the mode bits.

M1 MO Mode

0 0 Normal

0 1 Raw Transmit

1 0 Raw Receéve

1 1 Alternate Bakoff

In raw receve mode, the redeer operates as normadcept that all the bytes fallving the BOF
are loaded into the reise FIFO, including the CRC. The transmitter operates as normal.

In raw transmit mode the transmit output is internally connected to thevee@@put. The internal
connection is not at the actual port fat inside the port latch. All data transmitted is done with-
out a preamble, flag or zero bit insertion, and without appending a CRC. Thereperates as
normal. Zero bit deletion is performed.

In alternate backb mode the standard badk@rocess is modified so the batkis delayed until
the end of the IFS. This should help teyent collisions constantly happening because the IFS
time is usually leger than the slot time.

GMOD.7 (XTCLK) - ExternalTransmit Clock -If set aexternal 1X clock is used for the trans-
mitter. If cleared the internal baud rate generatowioes the transmit clock. The input clock is
applied to P1.3T X C). The user software is responsible for setting or clearing this flag. External
recave clock is enabled by setting PCON.3

IFS (0A4H) - Interframe Spacing - Determines the number of bit times separating transmitted
frames in CSMA/CD and SDLC.A bit time is equal to 1/baud rate. @rdy interframe space
periods can be used. The number written into tsster is dvided by tvo and loaded in the
most significantaven bits. Complete interframe space is obtained by countingstles bit num-

ber cbwn to zero twice. A user software read of thegister will gve avalue where theesen

most significant bit stws a one for the first countdn and a zero for the second count. The
value read may not balid as the timer is clocked in periods not necessarily associated with the
CPU read of IFS. Loading thisgister with zero results in 256 bit times.
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MYSLOT (OF5H) - Slot Address &jister
7 6 5 4 3 2 1 0

DcJ| DCR | SA5 SA4 SA3 SA2 SAl1| SAO

SAn = SIOT ADDRESS (BITS 5 - 0)

MYSLOQOT.0, 1,2,3,4,5 - Slot Address -The six address bits choose 1 of 64 slot addresses. Address
63 has the highest priority and address 1 basst. Avalue of zero will pevent a station from
transmitting during the collision resolution periodvegiting until all the possible slot timesue

elapsed. The user sefire normally initializes this address in the operating\so.

MYSLOT.6 (DCR) - Deterministic Collision Resolution Algorithm - When set, the alternate colli-
sion resolution algorithm is selected. Retriggering of the IFS on reappearance of the carrier is also
disabled. When using this feature Alternate @éicMode must be selected ang/sral other eg-

isters must be initialized. User sefire must initialize TCDCNT with the maximum number of
slots that are most appropriate for a particular application. The P&f&%er must be set to all

ones. The disables the PRBS by freezitggabntents at OFFH. The lkatf timer is used to count

down the number of slots based on the slot tinadue setting the period of one slot. The user
software is responsible for setting or clearing this flag.

MYSLOT.7 (DCJ) - D.C.Jam - When set selects D.C. type jam, when stdacts A.C. type jam.
The user software is responsible for setting or clearing this flag.

PCON (087H)

7 6 5 4 3 2 1 0
SMOD ARB | REQ |GAREN XRCLK| GFIEN PD IDL

PCON contains bits forgwer control, LSC control, DMA control, and GSC control. The bit used
for the GSC are PCON.2, PCON.3, and PCON.4.

PCON.2 (GFIEN) - GSC Flag Idle Enable -Setting GFIEN to a 1 caused idle flags to be generated
between transmitted frames in SDLC mode. SDLC idle flags consists of 01111110 flags creating
the sequence 01111110011111110.......... 011111110. A possibl#std@ienabling GFIEN is

that the maximum possible lagnfrom writing to TFIFO until the first bit is transmitted
increased from approximately 2 bit-times to around 8 bit-times. GFIEN hasffeot with
CSMA/CD.
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PCON.3(XRCLK) -GSC External Reise Clock Enable- Writing a 1 to XRCLK enables an
external clock to be applied to pin 5(Port 1.4). Ereernal clock is used to determine when bits
are loaded into the reicer.

PCON.4 (GAREN) - GSC Auxiliary Reneer Enable Bit - This bit needs to be set to a 1 to enable

the reception of back-to-back SDLC frames. A back-to-back SDLC frame is when the EOF and
BOF is shared betweemvd sequential frames intended for the same station on the link. If
GAREN contains a 0 then the reg will be disabled upon reception of the EOF and by the time
user sofivare re-enables the reeer the first bit(s) maydve already passed, in the case of back-
to-back frames. Setting GAREN to a leymnts the regeer from being disabled by the E®Et

GREN will be cleared and can be checked by user software to determine that an EOF has been
recaved. GAREN has noffect if the GSC is in CSMA/CD mode.

PRBS (0OE4H) - Pseudo-Random Binary Sequence - &fjister contains a pseudo-random num-
ber to be used in the CSMA/CD batkalgorithm. The number is generated by using a feedback
shift register clocked by the CPU phase clocks. Writing all ones to the PRBS will freemdube

at all ones. Writing ay othervalue to it will restart the PRBS genenaitne PRBS is initialized to

all zerds during RESE. A read of location OE4H will not necessaryaythe seed used in the
backdf algorithm because the PRBS magyéd been altered between the time when the sasd
generated and before a READ has been intereadiguted.

RFIFO (OF4H) - Redge FIFO - RFIFO is a 3 bytbuffer that is loaded each time the GSC
recever has a byte of data. Associated with RFIFO is a pointer that is automatically updated with
each read of the FIFO. A read of RFIFO fetches the oldest data in the FIFO.

RSTAT (OE8H) - Recwre Status Byister
7 6 5 4 3 2 1 0

OR | RCABT AE CRCE | RDN | RFNE | GREN| HABEN

RSTAT.0 (HABEN) - Hardvare Based Ackowledge Enable - If set, enables the ket based
ackrowledge feature. The user saére is responsible for setting or clearing this flag.

RSTAT.1 (GREN) - Receer Enable -When set, the rey is enabled to accept incoming
frames. The user must clear RFIFO with wafte before enabling the recer. RFIFO is cleared
by reading the contents of RFIFO until RFIFO=0. After each read of RFIFRe# tane machine
cycle for the status of RFNE to be updated. Setting GREN is cleared hyanardt the end of a
reception or if ay recave errors are detected. The usensafe is responsible for setting this flag
and the GSC or user software can clear it. The status of GREN hdfectooa whether the
recaver input circuitry &vays monitors the reoes pin.

RSTAT.2 (RFNE) - Recee FIFO Not Empty - If set, indicates that the reeeFIFO contains
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data. The regee FIFO is a three bytauffer into which the redee data is loaded. A CPU read of

the FIFO retves the oldest data and automatically updates the FIFO pointers. Setting GREN to
a one will clear the recee FIFO. The status of this flag is controlled by the GSC. It is cleared if
user empties reoee FIFO.

RSTAT.3 (RDN) - Recere Done - If set, indicates the successful completion of averoepera-
tion. Will not be set if a CRC, alignment, abort, or FIB@rrun error occurred. The status of this
flag is controlled by the GSC.

RSTAT.4 (CRCE) - CRC Error - If set, indicates that a properly aligned freaseeceved with a
mismatched CRC. The status of this flag is controlled by the GSC.

RSTAT.5 (AE) - Alignment Error - In CSMA/CD mode, AE is set if the nigee shift egister (an
internal serial-to-parallel ewerter) is not full and the CRC is bad when an EOF is detected. In
CSMA/CD the EOF is a line idle condition (see LNI) farot bit times. If the CRC is correct
while in CSMA/CD mode, AE is not set andyamis-alignment is assumed to be caused by drib-
ble bits as the line went idle. In SDLC mode, AE is set if a non-byte-aligned flag isecece
CRCE may also be set. The setting of this flag is controlled by the GSC.

RSTAT.5 (AE) - Alignment Error -In CSMA/CD mode, AE is set if the rieee shift egister (an
internal serial-to-parallel ewerter) is not full and the CRC is bad when an EOF is detected. In
CSMA/CD the EOF is a line idle condition (see LNI) farot bit times. If the CRC is correct
while in CSMA/CD mode, AE is not set andyamis-alignment is assumed to be caused by drib-
ble bits as the line went idle. In SDLC mode, AE is set if a non-byte-aligned flag isetece
CRCE may also be set. The setting of this flag is controlled by the GSC.

RSTAT.6 (RCABT) - Reciever Collision/Abort Detect - If set, indicates that a collision was
detected after data had been loaded into thevee¢dFO in CSMA/CD mode. In SDLC mode,
RCABT indicates that 7 conseotg ones were detected prior to the end Hapafter data has
been loaded into the rage FIFO. AE may also be set. The setting of this flag is controlled by the
GSC.

RSTAT.7 (OVR) - Overrun -If set, indicates that the reaFIFO was full and ew shift register
data was written into it. AE and/or CRCE may also be set. The setting of this flag is controlled by
the GSC and it is cleared by user waite.

SLOTTM (0BH) - SlotTime -Determines the length of the slot time used in CSMA/CD. A slot
time equals (SOTTM) X (1/ baud rate). A read of &ITTM will give thevalue of the slot time
timer but thevalue may benvalid as the timer is clocked asynchronously to the CPU. Loading
SLOTTM with O results in 256 bit times.
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TCDCNT (0D4H) -Transmit Collision Detect Count Contains the number of collisions tvat h
occurred if probabilistic CSMA/CD is used. The user software must clearethster before
transmitting a aw frame so that the GSC Hbaff hardware can accurately distinguish evn
frame from a retransmit attempt.

In deterministic backib mode, TCDCNT is used to hold the maximum number of slots.

TFIFO (85H) - GSCIransmit FIFO - TFIFO is a 3 bytmiffer with an associated pointer that is
automatically updated for each write by usensafe. Writing a byte to TFIFO loads the data into
the rext available location in the transmit FIFO. Setting TEN clears the transmit FIFO so the
transmit FIFO should not be written to prior to setting TEN. If TEN is already set transmission
begins as soon as data is written to TFIFO.

7 6 5 4 3 2 1 0
LNI' | NOACK UR TCDT| TDN |TENE TEN | pmAl

TSTAT (0D8) -Transmit Status &jister

TSTAT.0 (DMA) - DMA Select - if set, indicates that DMA channels are used to service the GSC
FIFO's and GSC interrupts occur on TDN and RDN, and also enables UR to become set. If
cleared, indicates that the GSC is operating in its normal mode and interrupts occur on TFNF and
RFNE. For more information on DMA servicing please refer to the DMA section on DMA serial
demand mode (4.2.2.3). The user\safke is responsible for setting or clearing this flag.

TSTAT.1 (TEN) - Transmit Enable - When set causes TDN, UR, TCahd NDACK flag to be

reset and the TFIFO cleared. The transmitter will clear TEN after a successful transmission, a col-
lision during the data, CRC, or end flag. The usemso# is responsible for settihgt the GSC

or user software is responsible for settmg the GSC or user sefare may clear this flag. If
cleared during a transmission the GSC transmit pin goes to a steady stagwdlighhis is the
method used to send an abort character in SDLC. DN is forced to a highelel. The end of
transmission occurs whever the TFIFO is emptied.

TSTAT.2 (TENF) -Transmit FIFO not full - When set, indicates thawrata may be written into
the transmit FIFO. The transmit FIFO is a three lyiféer that loads the transmit shifigister
with data. The status of this flag is controlled by the GSC.

TSTAT.3 (TDN) -Transmit Done -When set, indicates the successful completion of a frame trans-

mission. If HABEN is set, TDN will not be set until the end of the IFSfatg the transmitted
message, so that the ackmedge can be checked. If an aoktedge isexpected and not
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recaved, TDN is not set. An ackwledge is notexpected folbwing a broadcast or multi-cast
packet. The status of this flag is controlled by the GSC.

TSTAT.4(TCDT) -Transmit Collision Detect - If set, indicates that the transmitter halted due to a
collision. It is set if a collision occurs during the data or CRC or if there are more than eight colli-
sions. The status of this flag is controlled by the GSC.

TSTAT.5 (UR) - Underrun - If set, indicates that in DMA mode the last bit was shifted out of the
transmit egister and that the DMA byte count did not equal zero. When an underrun occurs, the
transmitter halts without sending the CRC or the end flag. The status of this flag is controlled by
the GSC.

TSTAT.6 (NOACK) - No Ackrowledge - If set, indicates that no aclutedge was redeed for

the pevious frameWill be set only if HABEN is set and no aakmledge is receed prior to the
end of the IFS. RACK is not set folbwing a broadcast or a multicast packet. The status of this
flag is controlled by the GSC.

TSTAT.7(LNI) - Line Idle - If set, indicates the rage line is idle. In SDLC protocol it is set if 15
consecute ones are rebeed. In CSMA/CD protocol, line idle is set if GR x D remains high for
approximately 1.6 bit times. LNI is cleared after a transition on GR X D. The status of this flag is
controlled by the GSC.
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4.0 DMA Operation

The C152 contains DMA (Direct Memory Accessing) logic to perform high speed data transfers
between ay two of

Internal Data RAM
Internal SFRs
External Data RAM

In external RAM is iwolved, the Port 2 and Port O pins are used as the address/slagamdRD
andWR signals are generated as required.

Hardware is also implemented to generate a Hold Request signalaih@é Hold Ackrowledge
response before commencing a DMA tlmabilvesexternal RAM.

Alternaively, The Hold/Hold Ackowledge hardware can be programed to accept a Hold Request
signal from arexternal avice and generate a Hold Aatwiledge signal in response, to indicate to
the requestingaice that the C152 will not commence a DMA to or frexternal RAM while

the Hold Request is ace.

4.1 DMA with the 80C152

The C152 containsvo identical general purpose 8-it DMA channels with 16-bit address ability:
DMAO and DAM1. DMA transfers can bexecuted by either channel independent of therpthe
but only by one channel at a time. During the time that a DMA transfer is bedtgted, pro-
gramexecution is suspended. A DMA transfekeéa one machineycle (12 oscillator periods) per
byte transferredgxcept when the destination and source are both in External Data RAM. In that
case the transfer takes two machigeles per byte. The term DMA Cycle will be used to mean
the transfer of a single data byte, whetherkiésal or 2 machineycles.

Associated with each channel asgen SFRs, stwn bebw SARLn and SARHnN holds thew

and high bytes of the source addrds&en together &y form a 16-bit Source Addressegiste.
DARLNn andDARHN hold the bw and high bytes of the destination address, and together form the
Destination Address dgista. BCRLn and BCRHn hold thew and high bytes of the number of
bytes to be transferred, and together form the Byte Coegiste. DCONnN contains control and
flag bits.
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DMA CHANNEL 1
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DESTINATION ADDRESS
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DMA CHANNEL 0
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SOURCE ADDRESS SOURCE ADDRESS
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BYTE COUNT BYTE COUNT
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B5COND DCON
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DMA1 CONTROL
DMAO CONTROL | PCO

Two new bits in PCON control
Hold/Hold Ackrowledge logic

DMA Registers

Two bits in DCONnN are used to specify the physical destination of the datartrdhsfee bits are
DAS (Destination Address Space) abdhl(Increment Destination Address).DAS = 0, the des-
tination is in data memorgxternal to the C152. IDAS = 1, the destination is internal to the
C152. IfDAS = 1 and DA = 0, the internal destination is a Special Functiegifer (SFR). IF
DAS =1 and DA =1, the internal destination is in the 256-byte data RAM.

In any case, if DA = 1, the destination address is automatically incremented after each byte trans-
fer. If IDA = 0, it is not.

Two other bits in DCONSs specify the physical source of the data to be transferred. These are SAS
(Source Address Space) and ISA (Increment Source Address). If SAS = 0, the source is in data
memoryexternal to the C152. If SAS = 1, the source is internal. If SAS = 1 and ISA = 0, the inter-
nal source is an SFR. If SAS = 1 and ISA = 1, the internal source is in the 256-byte data RAM.

In any case, if ISA = 1, the source address is automatically incremented after each byte lransfe
ISA =0, itis not.

The functions of these four control bits are summarizeahbel
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DAS IDA Destination Auto-Increment
0 0 External RAM no
0 1 External RAM yes
1 0 SFR no
1 1 Internal RAM yes
SAS ISA Souce Auto-Increment
0 0 External RAM no
0 1 External RAM yes
1 0 SFR no
1 1 Internal RAM yes

There are four modes in which the DMA channel can operate. These are selected by the bits DM
and TM (Demand Mode antdansfer Mode) in DCONN:

DM ™ Operating Mode
0 0 Alternate Cycles Mode
0 1 Burst Mode
1 0 Serial Port Demand Mode
1 1 External Demand Mode

The operating modes are describedbel

4.1.1 ATERNATE CYCLE MODE

In Alternate Cycles Mode the DMA is initiated by setting the GO bit in DCONnoWwinly the
instruction that set the GO bit, one more instructioexecuted, and then the first data byte is
transferred from the source address to the destination address. Then another instreéation is
cuted, and then another byte of data is transferred, and so on in this.manne

Each time a data byte is transferred, BCRn (Byte Coegisker for DMA Channel n) is decre-
mented. When it reaches 0000H, on-chip hardware clears the GO bit and sets the DONE bit, and
the DMA ceases. The DONE bit flags an interrupt.

4.1.2 BURST MODE

Burst Mode difers from Alternate Cycles mode only in that once the data transfeedas, fpro-
gramexecution is entirely suspended until BCRn reaches 0000H, indicating that all data bytes
that were to be transferre@Me been transferred. The interrupt control &g remains acte
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during the DMA, so interrupt flags may get daitt since progranexecution is suspended, the
interrupts will not be serviced while the DMA is in progress.

4.1.3 SERIAL PORT DEMAND MODE

In this mode the DMA can be used to service the Local Serial Channel (LSC) or the Global Serial
Channel (GSC).

In Serial Port Demand Mode the DMA is initiated by @f the following conditions, if the GO
bit is set:

Source Address =BJF AND. RI=1
Destination Address =BBJF AND. TI=1
Source Address = RFIFO AND. RFNE =1

Destination Address = TFIFO .AND. TFNF=1

Each time one of the ate conditions is met, one DMA Cycleasecuted; that is, one data byte is
transferred from the source address to the destination address. On-chigrédhegn clears the

flag (RI, TI, RFNE, or TENF) that initiated the DMA, and decrements BCRn. Note that since the
flag that initiated the DMA is cleared, it will not generate an interrupt unless DMA servicing may
be held & when alternateycle is being used or by the status of the HOLODMALogic. In these
situations the interrupt for the LSC may occur before the DMA can clear the Rl or Tl flag. This is
because the LSC is serviced according to the status of Rl and TI, whether or not the DMA chan-
nels are being used for the transferring of data. The GSC does not use RFNE or TFNF flags when
using the DMA channels so these do not need to be disabled. When using the DMA channels to
service the LSC it is recommended that the interrupts (Rl and TI) be disabled. If the decremented
BCRn is 0000H, on-chip handire then clears the GO bit and sets the DONE bit. The DONE bit
flags an interrupt.

4.1.4 EXTERNAL DEMAND MODE

In External Demand Mode the DMA is initiated by one of the External Interrupt pmsded
the GO bit is seiNTO initiates a Channel 0 DMA, anT1 initiates a Channel 1 DMA.

If the external interrupt is configured to be transitioniated, then each 1-to-0 transition at the
interrupt pin sets the correspondi@dernal interrupt flag, and generates one DMA Cycle. Then,
BCRn is decremented. No more DMA Cycles take place until another 1-to-0 transition is seen at
theexternal interrupt pin. IF THE DECREMENTED bcrN = 0000H, on-chip hardware clears the
GO bit and sets the DONE bit. If teeternal interrupt is enabled, it will be serviced.

If the external interrupt is configured to bavél-actvated, then DMA Cycles commence when the
interrupt pin is pulleddw, and continue for as long as the pin is held&nd BCRn is not 0000H.

If BCRnN reaches 0 while the interrupt pin is stilv] the GO bit is cleared, the DONE bit is set,
and the DMA ceases. If tregternal interrupt is enabled, it will be serviced.

If the interrupt pin is pulled up before BCRn reaches 0000H, then the DMA chaist® GO bit
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is still 1 and the DONE bit is still 0. Aexternal interrupt is not generated in this case, since in
level-actvated mode, pulling the pin to a logical 1 clears the interrupt flag. If the interrupt pin is
then pulleddw again, DMA transfers will continue from whereghwere peviously stopped.

The timing for the DMA Cycle in the transition - aetted mode, or for the first DMA Cycle in

the level-actvated mode is as fallvs: If the 1-to-0 transition is detected before the final machine
cycle of the instruction in progress, then the DMA commences as soon as the instruction in
progress is completed. Otherwise, one more instruction wikéeuted before the DMA starts.

No instruction isexecuted duringry DMA Cycle.

4.2 Timing Diagrams

Timing diagrams for single-byte DMA transfers arevgh in following figures for four kinds of
DMA Cycles: internal memory to internal mengpinternal memory texternal memaoy, external
memory to internal memyyrandexternal memory t@xternal memoy. In each case we assume
the C152 isxecuting out ofexternal program memyr If the C152 isexecuting out of internal
program memay, thePSEN is inadte, and the Port 0 and Port 2 pins emit PO and P2 SFR data. If
External Data Memory iswolved, the Port 0 and Port 2 pins are used as the addre$s/slsaad

RD and /orWR signals are generated as needed, in the same manner asxactiteon of a
MOVX @ DPTR instruction.

12 OSC.PERIQDS

P2 PCHY P2 SFR  PCH

le DMA CYCL;,F_ RESUME ARROGRAM
| EXECUTION

DMA Transfer from Internal Memory to Internal Memory
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DMATransfer from Internal Memory to External Memory
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4.3 Hold/Hold Acknowledge

Two operating modes of Hold/Hold Acéwledge logic ar@vailable, and either or neither may be
invoked by software. In one mode, the C152 generates a Hold Request sigashésa Hold
Acknowledge response before commencing a DMA thatlves external RAM. This is called
the Requester Mode.

In the other mode, the C152 accepts a Hold Request signal frexteamal dvice and generates
a Hold Ackrowledge signal in response, to indicate to the requesévigadthat the C152 will not
commence a DMA to or frorexternal RAM while the Hold Request is a&. This is called the
Arbiter mode.

4.3.1 REQUEST MODE

The Requester Mode is selected by setting the control bit REQ, which resides in PCON. In that
mode, when the C152 wants to do a DMA to External Data Mgnitoiirst generates a Hold
Request signakILD, and waits for a Hold Ackawledge signalHLDA, before commencing the

DMA operation. Note that prograaxecution continues whilelLDA is awvaited. The DMA is not

begun until a logical O is detected at tHEDA pin. Then, once the DMA hasgpun, it goes to
completion egardless of the logi®vel atHLDA.

The protocol is actated only for DMA (not for program fetches oiQMX operations), and only
for DMAs to or from External Data Memyrlf the data destination and source are both internal
to the C152, thélLD/HLDA protocol is not used.

The HLD output is an alternate function of port pin P1.5, and th®Allinput is an alternate
function of port pin P1.6

4.3.2 ARBITER MODE

For DMAs that are to be oren by some @ice other than the C152, affégrentversion of the
Hold/Hold Ackrowledge protocol iswvailable. In thisversion, the évice which is to dwve the
DMA sends a Hold Request signallD, to the C152. | f the C152 is currently performing a
DMA to or from External Data Memyy it will complete this DMA before responding to the Hold
Request. When the C152 responds to the Hold Request, it does sivétyngca Hold Ackiowl-
edge signalHLDA. This indicates that the C152 will not commenceeas DMA to or from
External Data Memory whilelLD remains agve.

Note that in the Arbiter Mode the C152 does not suspend proggaention at alleven if it is
executing fromexternal program memyr It does not surrender use of@sn bus.

The Hold Request inputjLD, is at P1.5. The Hold Aclowledge outputHLDA, is at P1.6. This

version of the Hold/Hold Ackowledge feature is selected by setting the control bit ARB in
PCON.
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The functions of the ARB and REQ bits in PCON, then, are

ARB REQ Hold/Hold Ackrmowledge Logic
0 0 Disabled
0 1 C152 generates HLD, detects BIA
1 0 C152 detects HLD, generates BIA
1 1 Invalid

4.3.3 USING THE HOLD/HL DA ACKNOWLEDGE

The HOLD/HOLDA logic only dfects DMA operation witlexternal RAM and dot affect other
operations withexternal RAM, such as KV X instruction.

Figure slows a system in whichMo 83C152s are sharing a global RAM. In this system, both
CPUs areexecuting from internaROM. Neither CPU uses thaus except to access the shared
RAM, and such accesses are done only through DMA operations, ndDW¥¥ Mistructions.

Two 83C152s Sharing External RAM

é 8 X 10 kohms
p] T
83c152 N ]
ARB
P
P
WR  ALE LN Z |
RD IE|
3
HLD HLD !
4 v e
) 0
A
L 2 ALE SWITGH
HLD HLD
AL
83C152
REQ |,
H—JWR
P2
RD < <L JL
DATA LOW HIGH
SHARED RA
OE MpoR
WE

One CPU is programmed to be the Arbiter and therptbébe the RequesteThe ALE Switch
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selects which CP9 ALE signal will be directed to the address latch. The ArBitALE is
selected iHLDA is high, and the Request®ALE is selected IHLDA is low.

The ALE Switch logic can be implemented aevgh in bebw.

ALE
(ARB)
ALE (ARB)
IFHLDA =1
HLD

(\J - |AFLE L('SE(%)O
ALE |

(REQ)

4.3.4 INTERNAL LOGIC OF THE ARBITER

The internal logic of the arbiter is@hin in figure bebdw. In operation an inpublv atHLD sets
Q2 if the arbitels internal signal DMXRQ isolv. DMXRQ is the arbités “DMA to XRAM
Request”. SettingQ2 acatesHLDA through Q3. Q2 being set also disabley ®MAS to
XRAM that the arbiter might decide to do during the requesi2iMA.

Internal Logic of the Arbiter

DMXRQ Inhibit Arbiter's
DMA to XRAM
HLD Input
D J D Q D
Q1 Q2 Q3
N S >  Q—» HLDA
Clock 1 Clock 2 Clock 1

Waveform bebw shows the minimum response time, 4 to 7 CPU oscillator periods, between a
transition at thédLD input and the responseLDA.
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HLD Input AN
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Periods '
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HLDA Output

When the arbiter wants to DMA the XRAM, it first aettes DMXRQ. This signal pvents Q2
from being set if it is not already set.An outpow Ifrom Q2 enables the arbiter to carry out its
DMA to XRAM, and maintains an output highldt DA. When the arbiter completes its DMA,
the signal DMXRQ goes to O, which enables Q2 to accept signals fradLihéenput again.

4.3.5 Internal Logic of the Requester
The internal logic of the requester isosim bebw. Initially, the request&s internal signal

DMXRQ (DMA to XRAM Request) is at 0, so Q2 is set andkié output is high. As long as
Q2 to be clearedb(t doesft clear it), and, iIHLDA is high, also adctates theHLD output.

DMXRQ Inhibit Requestés DMA to XRAM
Q
HLDA t {>o S
> Q2
Q1 — b »___
FD I_BJ @ Clock 2 Q3 HLD
Clock 1 D O—__
QlA Clock 1

Clock 2

A 1-to-0 transition fromHLDA can row clear Q2, which will enable the requester to commence
its DMA to XRAM. Q2 being éw also maintains an outpuw atHLD. When the DMA is com-
pleted, DMXRQ goes to 0, which sets Q2 and deraissHLD.

Only DMXRQ going to 0 can set Q2. That means once Q2 gets cleared, enabling the fequester
DMA to proceed, the arbiter has m@y to stop the requesteiDMA in progress. At this point,
de-acivatingHLDA will have no dfect on the requesteruse of théus. Only the requester itself

can stop the DMA in progress, and when it does, it desies both DMXRQ an#iLD.
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If the DMA is in alternateycles mode, then each time DM#xcle is completed DMXRQ goes to
0, thus de-aotatingHLD. OnceHLD has been de-duate, it caft be re-asserted till aftéfLDA
has been to go high (through flip-flop Q1A). Tleusry time the DMA is suspended toa¥ an
instructioncycle to proceed, the requestévas up thdus and must resw the request and rage
another ackowledge before another DM&ycle to XRAM can proceed. lwiously in this case,
the “alternatecycles” mode may consist of single DMéycles separated byna number of
instructioncycles, depending omolwv long it t&kes the requester tegain thebus.

A channel 1 DMA in progress willl@ays beoverridden by a DMA request ohg kind from
channel 0. If a channel 1 DMA to XRAM is in progress anovis-ridden by a channel 0 DMA
which does not require this, DMXRQ will go to 0 during the channel 0 DMA, thus dexaatt
ing HLD. Again, the requester must remits request for thbus, and must reoee a rew 1-t0-0
transition inHLDA before channel 1 can continue its DMA to XRAM.

4.4 DMA Arbitration

The DMA Arbitration described in this section is not arbitration betwaendévices wanting to
access a shared RAMyt on-chip arbitration between thea DMA channels on the 8XC152.

The 8XC152 povides two DMA channels, either of which may be called into operationyat a
time in response to real time conditions in the application circuit. Since a®bMédways uses
the 8XC152s internalbus, and thers only one internabus, only one DMA channel can be ser-
viced during a single DMAycle. Executing program instructions also requires the intdms)

so programexecution will also be suspended in order for a DMA te@tplace.

«—
DMAO DMA 1 INSTRUCTION
A CYCLE CYCLE CYCLE

Figure alove slows the three tasks to which the interba$ of the 8XC152 can be dedicated. In
this figure, Instruction Cycle means the complketecution of a single instruction, whether it
takes 1,2 or 4 machirgycles. DMA Cycle means the transfer of a single data byte from source to
destination, whether it takes 1 or 2 machegeles. Each time a DMA Cycle or an Instruction
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Cycle isexecuted, on-chip arbitration logic determines which typeyole is to beexecuted Bxt.

Note that when an instruction éxecuted, if the instruction wrote to a DMAgister gxcluding
PCON), then another instructionasecuted without further arbitration. Therefore, a single write
or a series of writes to DMAegisters will pevent a DMA from taking place, and will continue to
prevent a DMA from taking place until at least one instructioexecuted which does not write to
any DMA registe.

The logic that determines whether thextncycle will be a DMAOcycle, a DMAlcycle, or an
Instruction Cycle is stwn as a pseudo-HLL function. The statementseaeeuted sequentially
unless an “if” condition is satisfied, in which case the corresponding “retuenécsited and the
remainder of the function is not. The retwalue of 0,1, or 2 is passed to the arbitration logic
block to determine whicbxit path from the block is used.

arbitration_logic :

if (GO0 = 1.AND. mode_logic (0) = 1) return O;
else if (GOl = 1.AND. mode_logic (1) = 1) return 1;
else return 2;

end arbitration_logic;
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mode_logic (n)

if (DCONN indicateburst_mode) return 1:
else if (DCONn indicatexternal_demand_mode)

if (demand_flag = 1) return 1:
else return O;

}
else if (DCONn indicates SP_demand_mode)

if {SARn = BUF .AND. RI = 1) return 1;
else IDARN = SBUF .AND. Tl =1) return 1;
else if (SARn = RFIFO .AND. RFNE = 1) return 1;
else iDARNn =TFIFO .AND. TFNE =1 .AND.
prious_cycle = instruction cycle) return 1;
else return O;

}
else if (DCONn indicates atlycles_mode)

if (DCONm indicates ON. alt _cycles_mode
.OR. GOm = 0)

if (mvious _cycle = instructioneycle) return 1;
else return O;

else if (pevious_cycle = instructioncycle
AND. previous_dmacyle = .NOT. DMAnN)
return 1;

}

return O;
end mode_logic (n);

If the channel is configured to External Demand mode, then the first if-condition is not satisfied
but the second one is. In that case the block of statememwifal that if-condition and delim-

ited by {...} is executed: if the demand flag (IEO for channel 0 and IE1 for channel 1) is set, the
“return 1” expression iexecuted and the remainder of the function is not. If the demand flag is
not set, the “return O&pression iexecuted and the remainder of the function is not.

If the channel is configured to Serial Port Demand mode, the source and destination addresses,
SARN andDARN, have to be chded to see which Serial Pditffer is being addressed, and
whether its demand flag is set.

SARN refers to the 16-bit source address for “this channel”. Note that the condition “SARn =
SBUF” cannot be true unless the SAS and IAS bits in DOCNn are configured to select SFR space.
If SARN is numerically equal to the address of SBUF(99H), and SAS and ISA are configured to
select internal RAM rather than SFR space, then SARnN refers to location 99H in the “upper 128"
of internal RAM, not to BUF.
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If the test for SARn = BUF is true, and if the flag RI is set, mode_logic (n) returns as 1 and the
remainder of the function is nekecuted. Otherwisexecution proceeds to thexit if-condition,
testingDARN against SBUF and T1 against 1.

The same considerationsgarding SAS and ISA in the SARn test amvrapplied toDAS and
IDA in theDARN test. If SFR space idrselected, no Serial Pdmtiffer is being addressed.

Note that if DMA channel n is configured to Alternate Cycles mode, the logicaxasine the
other DCON egista, DCONm, to determine if the other channel is also configured to Alternate
Cycles mode and whether its GO bit is set. In tleeipus figure, the symbol DCONn refers to the
DCON register for “this channgland DCONmMm refers to “the other chanhel

A carefulexamination of the logic willeveal some idiosyncrasies that the user shouldiage
of. First, the logic atiws sequential DMAycles to be generated to service RFIB@,not to ser-
vice TFIFO. This idiosyncrasy is due to internal timing conflicts, and results in eaciuurd
DMA cycle to TFIFO laving to be immediately preceded by an Instructpele. The logic disal-
lows that there bemo DMASs to TFIFO in aaow.

If the user is uaware of this idiosyncras it can cause problems in situations where one DMA
channel is servicing TFIFO and the other is configured to a completiyedi mode of opera-
tion.

For example, consider the situation where channel 0 is configured to service TFIFO and channel 1
is configured to Alternate Cycles mode. Then DMAs to TFIFO will alvessgsride the alternate
cycles of channel 1. If TFIFO needs more than 1 byte it willivecthem in precedenamver
channel 1put each DMA to TFIFO must be preceded by an Instruatymte. The sequence of
cycles might be:

DMAL cycle

Instructioncycle

DMA 1 cycle, during which TENF gets set
Instructioncycle

DMAO cycle

Instructioncycle

DMAO cycle, as a result of which TFNF gets cleared
Instructioncycle

DMAL cycle

Instructioncycle

DMA1 cycle

Instructioncycle

The requirement that a DMA to TFIFO be preceded by an Instrustae can result in the nor-
mal precedence of channeb@er channel 1 being thwarted. Consider deample the situation
where channel 0 is configured to service TFIFO, and is in the process of doing so, and channel 1
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decides itvants to do Burst mode DMA. The sequencevehts might be:

Instructioncycle (sets GO bit in DCONL1)
Instructioncycle (during which TENF gets set)
DMAO cycle

DMAL cycle

DMA1 cycle

DMAL cycle

DMAL cycle (completes channeldlrst)
Instructioncycle

DMAO cycle

Instructioncycle

This sequence dgins with two Instructioncycles. The first one accesses a DMéygister
(DCONL1), and therefore is follved by another Instructiogycle, which presumably does not
access a DMAagista. After the second Instructiotycle both channels are ready to generate
DMA cycles, and channel O of coursé&da precedence. After the DM§cle, channel 0 must
wait for an Instructiorcycle before it can access TFIFO again. Channel 1, being in Burst mode,
doesnt have that restriction, and is therefore granted a DMydle. After the first DMAlcycle,
channel 0 is stilvaiting for an Instructiorycle and channel 1 still does nai that restriction.
There folbws another DMAZycle.

The result is that in this particular case channel O hasitountil channel 1 completes its Burst
mode DMA, and then has teait for an Instructiortycle to be generated, before it can continue
its own DMA to TFIFO. The delay in servicing TFFIO can cause an Urmedbndition in the
GSC transmission.

The delay will not occur if channel 1 is configured to Alternate Cycles mode, since channel 0
would then see the Instructiagcles it needs to complete its logic requirements for asserting its
request.

4.4.1 DMA Arbitration with Hold/Hold Ack

The Hold/Hold Ackmowledge feature iswoked by setting either the ARB or REQ bit in PCON.
Their dfect is to add the requirements of the Hold/Hold Ack protocol to mode_logic ( ). This
amounts to replacingvery expression “return 1” in with thexpression “return hld_hlda_logic (

) “, where hld_hlda_logic () is a function which returns 1 if the Hold/Hold Ack protocol is satis-
fied, and returns O otherwise. A suitable definition for hld_hlda_logic (Jowsrsim Figure 4.14.
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hold_holda ( ):

if (ARB =0 .AND. REQ =0) return 1;
if SARn = XRAM .OR. DARn =XRAM)

{
if (ARB =1 .AND. HLDA = 1) return 1;
if (REQ =1 .ANDHLDA =0) return 1;
elsereturn 0 ;

return 1;
end hold_holda() ;

4.5 Summary of DMA Control Bits

DCONs | DAS IDA | sas | ISA DM ™ DONE| GO

DAS specifies the Destination Address Spac®AS = 0, the destination is in External Data
Memoly. If DAS = 1 and DA = 0, the destination is a Special FuncticsgRter (SFR). IDAS =
1 and DA =1, the destination is in Internal Data RAM.

IDA (Increment Destination Address) DA= 1, the destination address is automatically incre-
mented after each byte transfé IDA = 0, It is not.

SAS specifies the Source Address Space. If SAS = 0, the source is in External Datg. Memor
SAS =1 and ISA = 0, the source is an SFR. If SAS = 1 and ISA = 0, the source is an SFR. If SAS
=1 and ISA = 1, the source is Internal Data RAM.

ISA (Increment Source Address) If ISA = 1, the source address is automatically incremented after
each byte transfelf ISA = 0, it is not.

DM (Demand Mode) If DM = 1, the DMA Channel operates in Demand Mode. In Demand Mode
the DMA is initiated either by aexternal signal or by a Serial Port Flag, depending owadhe
of the TM bit. If DM = 0, the DMA is requested by setting the GO bit inveai.

TM (Transfer Mode) If DM = 1 then TM selects whether a DMA is initiated bgxéarnal signal

(TM = 1) or by a Serial Port flag (TM =0). If DM = 0 then TM selects whether the data transfers
are to be irbursts (TM = 1) or in alternaiycles (TM = 0).

DONE indicates the completion of a DMA operation and flags an interrupt. It is set to 1 by on-
chip hardware when BCRn =0, and is cleared to 0 by on-chip hardware when the integapt is
tored to. It can also be set or cleared byvgmfe.

GO is the enable bit for the DMA Channel itself. The DMA Channel isivedtGO= 0.

Kawasaki LSI USA, Inc. Page 91 of 120 Ver. 0.9 KS152JB



KS152JB Universal Communications Controller
Technical Specifications

PCON SMOD| ARB REQ | GAREN| XRCLK| GFIEN| PDN| IDL

ARB enables the DMA logic to deteeli.D and generatélLDA. After it has advatedHLDA,
the C152 will not bgin a rew DMA to or from External Data Memory as longHkD is seen to
be acive. This logic is disabled when ARB = 0, and enabled when ARB = 1.

REQ enables the DMA logic to generateD and detect HDA before performing a DMA to or

from External Data Memgr After it has agvatedHLD, the C152 will not bbgin the DMA until
HLDA is seen to be a. This logic is disabled when REQ = 0, and enabled when REQ = 1.

5.0 INTERRUPT STRUCTURE

The 8XC152 retains all e interrupts of the 80C51BH. Sixewm interrupts are added in the
8XC152, to support its GSC and DMA featureseyfare all listed bew, and the flag that gener-
ate them are siwn in Figure bedw.

RFNE DMA =0
RDN _A

GSCRV
DMA=1 TCDT GSCTE
UR
NOACK
CRCE
AE GSCRE
RCABT DONE DMAO
OVR >
(DCONO.1)
TENE DMA =0 DONE DMA1
'
(DCONL1.1)

g GSCTV
TDN DMA =1

GSMRV - GSC Recke Valid
GSCRE - GSC Reoee Error
GSCTV - GSCTransmitValid
GSCTE - GSCIransmit Error
DMAO - DMA Channel0 Done
DMA1 - DMA Channell Done
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As slown in Figure abve, the Redee Valid interrupt can be signalled either by the RFNE flag
(Receve FIFO Not Empty), or by the RDN flag (Réee=Done). Which one of these flags causes
the interrupt depends on the setting of the DMA bit in the SFR namB&ATTS

DMA = 0 means the DMA hawdare is not configured to service the GSC, so the CPU will service
it in software in response to the ReeeFIFO not being emptin that case, RFNE generates the
Receve Valid interrupt.

DMA = 1 means the DMA hardware is configured to service the GSC, in which case the CPU
need not be interrupted till the réee is complete. In that case RDN generates theiRexalid
interrupt.

Similarly theTransmitValid interrupt can be signalled either by the TFENF flaguismit FIFO
Not Full), or by the TDN flagTransmit Done), depending on whether the DMA bit is 0 or 1.

Note that setting the DMA bit does not itself configure the DMA channels to service the GSC.
That job must be done by saftire writes to the DMAagisters. the DMA bit only selects whether

the GSQRV and GSCTV interrupts are flagged by a FIFO needing service or by an “operation
done” signal.

The Receve andTransmit Error interrupt flags are generated by the logical OR of a number of
error conditions, which are described in Section 3.6.5.

Each interrupt is assigned add location in Program Memgrand the interrupt causes the CPU

to jump to that location. All the interrupt flags are sampled at S5BZ0f machinecycle, and

then the samples are sequentially polled during ékbmachinecycle. If more than one interrupt

of same priority is acte, the one that is highest in the polling sequence is serviced first. The inter-
rupts and their fied locations in Program Memory are listedoaeln the order of their polling
sequence

Table 14:

Interrupt Location Name
IEO 0003H External Interrupt O
GSCRV 002BH GSC Receive Valid
TFO 000BH Timer O Overflow
GSCRE 0033H GSC Receive Error
DMAO 003BH DMA channel 0 Done
IE1 0013H External interrupt 1
GSCTV 0043H GSC Transmit Valid
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Table 14:

Interrupt Location Name
DMA1l 0053H DMA Channel 1 Done
TF1 001BH Timer 1 Overflow
GSCTE 004BH GSC Transmit Error
TI+RI 0023H UART Transmit/Receive

Note that the locations of the basic 8051 interrupts are the same as in the rest of the MCS-51 Fam-
ily. And relatve to each other &y retain the same positions in the polling sequence.

The locations of theew interrupts all folbw the locations the basic 8051 interrupts in the Pro-
gram Memoy, but they are interleved with them in the polling sequence.

To support the ew interrupts a second Interrupt Enabdgister and A second Interrupt Priority
register are implemented in the bit-addressasdgster space. Thevb Interrupt Enableegisters
in the 8XC152 are as falvs:

{ 6 ) 4 3 2 1 0
IE:| EA | — | — | ES ET1| EX1| ETO| EXO

Address of IE in SFR space = 0A8H (bit-addressable)

7 6 5 4 3 2 1 0
IEN1; — |EGSTEEDMA1EGSTV|EDMAQEGSRE|EGRV

Address of IE1 in SFR space = 0C8H (bit-addressable)

The bits in the IE are unchanged from the standard 8054gi&da. The bits in IEN1 are as fol-
lows:

EGSTE = 1 Enable GSTansmit Error Interrupt
= 0 Disable

EDMAL = 1 Enable DMA Channel 1 Done Interrupt
= 0 Disable

EGSTV = 1 Enable GSTransmitValid Interrupt
= 0 Disable

EDMAO = 1 Enable DMA Channel 0 Done Interrupt
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= 0 Disable

EGSRE = 1 Enable GSC Reéee Error Interrupt
= 0 Disable

EGSRV = 1 Enable GSC Reone Valid Interrupt
= 0 Disable

The two Interrupt Priorityegisters in the 8XC152 are as fmlls:

7 6 ) 4 3 2 1 0
IP: PS PT1| PX1| PTO| PXO

Address of IP in SFR space = 0B8H (bit-addressable)

~J
(o]

S 4 3 2 1 0
IPN1: | — | — | PGSTE/PDMA1|PGST |PDMAO|PGSFE |PGRV

Address of IPN1 in SFR space = OF8H (bit -addressable)
The bits in IP are unchanged from the standard 805dgiBt@. The bits in IPN1 are as folvs:

PGSTE = 1 GSQransmit Error Interrupt Priority to high
= 0 Priority to Low

PDMA1 = 1 DMA Channel 1 Done Interrupt Priority to high
= 0 Priority to Low

PGSTV = 1 GSAransmitValid Interrupt Priority to high
= 0 Priority to Low

PDMAO = 1 DMA Channel 0 Done Interrupt Priority to high
= 0 Priority to Low

PGSRE = 1 GSC Rewe Error Interrupt Priority to high
= 0 Priority to Low

PGSRV = 1 GSC Reawe Valid Interrupt Priority to high
= 0 Priority to Low

Note that theseegisters all lave unimplemented bits ("-"). If these bits are ready thill return
unpredictablevalues. If tiey are written to, the@alue written goesawhere.
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It is recommended that user software showenwrite 1s to unimplemented bits in MCS-51
devices. Furthewersions of the evice may lave rew bits installed in these locations. If so, their
resetvalue will be 0. Old software that writes 1s sy implemented bits may @rpectedly
invoke rew features.

The MCS-51 interrupt structureguides hardware support for onlya priority levels, High and
Low. With as may interrupt sources as the 8XC152 has, it may be helpfuldae kow to aug-
ment the priority structure in the sefire. Ay number of priority évels can be implemented in
software by aving and redefining the interrupt enabdgisters within the interrupt service rou-
tines.

5.1 GSCTransmitter Er ror Conditions

The GSCTransmitter section reports three kinds of error conditions:
TCDT - Transmitter Collision Detector

UR - Underrun infransmit FIFO

NOACK - No Ackrowledge

These bits reside in the TAT registe. User softvare can read therbut only the GSC haxdare
can write to them. The GSC harare will set them in response to treious error conditions that
they represent. When the user software sets the TEN bit, the GS@ahnandill at that time clear
these flags. This is the onlyay these flags can be cleared.

The logical OR of these three bits flags the G&&hsmit Error interrupt (GSCTE) and clears the
TEN bit, as sbwn in Figure bedw. Thus ay detected error condition aborts the transmission. No
CRC bits are transmitted. In the SDLC mode an EOF is generated. In CSMA/CD mode an EOF is
generated by default, since the GTXD pin is pulled to a logic 1 and held there.

TCDT
GSCTE
UR \ -
NOACK )

Clear
_I>—> TEN
TEN ﬁ Set
TRANSMIT - TDN

EOF J

Transmit Error Flags (Logic for Clearing TEN, Setting TDN)

The TCDT bit can get set only if the GSC is configured to CSMA/CD mode. In that case the GSC
hardware sets the TCDT when a collision is detected during a transmission, and the ea@hksion
detected after TFIFO has been accessed. Also, the GSC hardware sets TCDT when a detected col-
lision causes the TCDCNEgister tooverflow.
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The UR bit can be set only if the DMA bit in the T’ is set. The DMA bit being set informs the
GSC hardvare that TFIFO is being serviced by DMA. In that case if the GSC goes to fetch
another byte from TFIFO and finds it empnd the byte counggister of the DMA channel ser-
vicing TFIFO is not zero, it sets the UR bit.

If the DMA hardware is not being used to service TFIFO, the UR bit cannot get set. If the DMA
bit is 0, then when the GSC finds TFIFO emjtassumes that the transmission of data is com-
plete and the transmission of CRC bits cegiro

The NOACK bit is functional only in CSMA/CD mode, and only when the HABEN bit iTRS
is set. The HABEN bit turns on the Hardware Based Aahedge feature, as described in Sec-
tion 3.2.6. If this feature is natvoked, the NDACK bit will stay at O.

If the NOACK bit gets set, it means the GSC has completed a transmission, aggecg to
recave a hardvare based ackwledge from the receer of the messagéut did not recive the
ackrowledge, or at least did not rece it cleany. There are three ways th@ONCK can get set:

1. The ackowledge signal (an unattached preamble) was notvetdefore the IFS was com-
plete.

2. A collision was detected during the IFS

3. The linewas adtve during the last bit-time of the IFS

The first condition is anlwious reason for setting theACK bit, since thas what the hardware
based ackowledge is fo. The otherwo ways the KDACK bit can get set are to guard against the
possibility that the transmitting station might miksgaan unrelated transmission or transmission
fragment for an aclowledge signal.

5.2 GSC Receier Err or Conditions

The GSC Reaeer section reports four kinds of error conditions:

CRCE - CRC error

AE - Alignment Error

RCABT - Recéve Abort

OVR - Overrun in Receve FIFO

These bits reside in the RST regista. User softvare can read therbut only GSC hardare can

write to them. The GSC hasdre will set them in response to trious error conditions that

they represent. When user software sets the GREN bit, the GSC hardware will at that time clears
these flags. This is the onljay these flags can be cleared.

The logical OR of these four bits flags the GSC RecError interrupt (GSCRE) and clears the
GREN bit, as sbwn in Figure bedw. Note in this figure thatrg error condition will pevent

Kawasaki LSI USA, Inc. Page 97 of 120 Ver. 0.9 KS152JB



KS152JB Universal Communications Controller
Technical Specifications

RDN from being set.

CRCE GSCRE
AE )
RCABT

OVR Clear

_I>—> GREN

GREN et

EOF >  RDN
RECEIVED B

Receive Error Flag (Logic for Clearing GREN, Setting RDN)

A CRC Error means the CRC generator did not come to its combet after calculating the
CRC of the message plus re@d CRC. An alignment error means the number of bitsvede
between the BOF and EQ¥as not a multiple of 8.

In SDLC mode, the CRC bit gets set at the endpfiiaame in which there is a CRC errand the
AE bit gets set at the end afyaframe in which there is an Alignment Erro

In CSMA/CD mode, if there is no CRC Eryoeither CRCE nor AE will get set. If there is a CRC
error and no Alignment Errpthe CRCE bit will get sebut not the AE bit. If there is both a CRC
Error and an Alignment Errpthen the AE bit will get sebut not the CRCE bit. Thus in CSMA/
CD mode, the CRCE and AE bits are mutualglusve.

The Receve Abort flag, RCAH, gets set if an incoming frameas interrupted after reised data

had already passed to the Reged~IFO. In the SDLC mode, this can happen if a line idle condi-
tion is detected before an EOF flag is. In CSMA/CD mode, this can happen if there is a collision.
In either case, the CPU wilke to re-initialize whaver pointers and counters it migleve been

using.

The Overrun Error flagOVR, gets set if the GSC Rawer is ready to push awnly recaved byte
onto the Reage FIFO,but the FIFO is full.

Up to 7 “dribble bits” can be rened after the EOF without causing an error condition.

6.0 GLOSSARY

ADRO,1,2,3 (95H, OA5H, OB5H, OC5H) - Address MatciegRters 0O, 1, 2, 3 - The contents of

these SFR are compared against the address bits from the serial data on the GSC. If the address
matches the SFR, then the C152 accepts that frame. If in 8 bit addressing mode a matgh with a
of the four egisters will trigger acceptance. In the 16 bit addressing mode, a match with
ADR1:ADRO or ADR3:ADR2 will be accepted. Address length is determined by GMOD (AL).

AE - Alignment Erro, see RIAT.
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AL - Address Length, see GMOD.

AMSKO,1 (OD5H, OE5H) - Address Match Mask 0,1 - Identifies which bits in ADRO,1 arét“don
care” bits. Setting a bit to 1 in AMSKO,1 identifies the corresponding bit in ADDRO,1 as not to be
examined when comparing address.

BAUD - (94H) Contains the programmablalue for the baud rate generator for the GSC. The
baud rate will equal (fosc) /EAUD+1) x 8).

BCRLO,1 (OE2H, OF2H) - Byte CounteRister Low 0,1 - Contains theoler byte of the byte
count. Used during the DMA transfer to identify to the DMA channels when the transfer is com-
plete.

BCRHO,1 (OE3H, OF3H) - Byte Counteister High 0,1 - Contains the upper byte of the byte
count.

BKOFF (0C4H) - Backid Timer - The Backi timer is an eight bit countegvn timer with a
clock period equal to one slot time. The Baf€ time is used in CSMA/CD collision resolution
algorithm.

BOF - Beginning of Frame Flag - A term commonly used when dealinggized data. Signifies
the leginning of a frame.

CRC - Cyclic Redundany Check - An error checking routine that mathematically manipulates a
value depending on the incoming data. The purpose is to identify when a frame has lheet rece
in erra.

CRCE - CRC Errg See R3AT.

CSMA/CD - Stands for Carrier Sense, Multiple Access, with Collision Detection.

CT- CRCType, see GMOD.

DARLO/1 (OC2H, OD2H) - Destination Addresgdister Low 0/1 - Contains theolver byte of the
destinations’ address when performing DMA transfers.

DARHO/1 (OC3H, 0D3H) - Destination Addressdister Low 0/1 - Contains the upper byte of the
destinations’ address when performing DMA transfers.

DAS - Destination Address Space, see DCON.

DCJ - D.C.Jam, see MY ST.
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DCONO/1 (092H,093H)

/ 6 5 4 3 2 1 0
DAS| IDA | SAS| ISA DM T™M | DONF GO

The DCON egister control the operation of the DMA channels by determining the source of data
to be transferred, the destination of the data to be traasi thesarious modes of operation.

DCON.0 (GO) - Enables DMATransfer - When set it enables a DMA channel. If block mode is
set then DMA transfer starts as soon as possible under CPU control. If demand mode is set then
DMA transfer starts when a demand is asserted and recognized.

DCON.1 (DONE) - DMATransfer is Complete - When set the DMA transfer is complete. It is set
when BCR equals 0 and is automatically reset when the Dé&tfors to its interrupt routine. If
DMA interrupt is disabled and user seftreexecutes a jump on the DONE bit, then the user soft-
ware must also reset the done bit. If DONE bit is not set, then the DMA transfer is not complete.

DCON.2 (TM) -Transfer Mode - When set, DMBurst transfers are used if the DMA channel is
configured in the block mode external interrupts are used to initiate a transfer if in Demand
Mode. When TM is cleared, Alternatgcle transfers are used if DMA is in the Block Mode, or
Local Serial Channel/GSC interrupts are used to initiate a transfer if in Demand Mode.

DCON.3 (DM) - DMA Channel Mode - When set, Demand Mode is used and when cleared Block
Mode is used.

DCON.4 (ISA) - Increment Source Address - When set, the source adaljistsrs are automat-
ically incremented during each transfé/hen cleared the souragisters are not incremented.

DCON.5 (SAS) - Source Address Space - When set the source of data for the DMA transfers is
internal data memory if autoincrement is also set. If auto increment is ot SAS is, then the
source for the data will be one of the Special Functiegis®e. When SAS is cleared, the source

for the data igxternal data memgr

DCON.6 (DA) - Increment destination Address Space - When set, destination adujistss
are incremented once after each byte is transferred. When cleared, the destinationeggress r
ters are not automatically incremented.

DCON.7 DAS) - Destination Address Space - When set, destination of data to be transferred is
internal data memory if autoincrement mode is also set. If auto increment is not set the destination
will be one of the Special Functioregtsters. WhemAS is cleared then the destinatiorexser-

nal data memory

DCR - Deterministic Resolution, see MYSL.

DEN - An alternate function of one of the port 1 pins (P1.2). Its purpose is to extoieal div-
ers when the GSC is transmitting data. This functiotways adve when using the GSC and if
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P1.2 is programmed to a 1.

DM - DMA Mode, see DCONO

DMA - Direct Memory Access mode, see T
DONE - DMA done bit, see DCONO.

DPH - Data Pointer High, an SFR that contains the high order byte of a general purpose pointer
called the data pointer(DPTR).

DPL - Data Pointer tw, an SFR that contains thaM order byte of the data poimte
EDMAO - Enable DMA Channel O interrupt, see IENL1.

EDMAL - Enable DMA Channel 1 interrupt, see IENL1.

EGSRE - Enable GSC Rave Error interrupt, see IEN1.

EGSRV - Enable GSC Rectee Valid interrupt, see IEN1.

EGSTE - Enable GSTransmit Error interrupt, see IEN1.

EGSTV - Enable GSCransmitValid interrupt, see IEN1.

EOF - A general term used in serial communications. Eof stands for End Of Frame and signifies
when the last bits of data are transmitted when usinkgtiaed data.

ES - Enable LSC service interrupt, see IE.
ETO - EnableTimer O interrupt, see IE.
ET1 - EnableTimer 1 interrupt, see IE.
EXO - Enable External interrupt O, see IE.

GMOD (84H)

/ 6 ) 4 3 2 1 0
XTCLK| M1 | MO AL CT PL1 | PLO PR

The bits in this SFR, perform most of the configuration on the type of data transfers to be used
with the GSC. Determines the mode, address length, preamble length, protocol select, and enables
theexternal clocking of the transmit data.
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GMOD.0 (PR) - Protocol - If set SDLC protocols with NRZI encoding, zero bit insertion, and
SDLC flags are used. If cleared, CSMA/CD link access with Manchester encoding is used.

GMOD.1,2 (PLO,1) - Preamble length

PL1 PLO LENGTH (BITS)

0 O 0
0 1 8
1 0 32
11 64

The length includes the two bite§in of Frame (BOF) flag in CSMA/CBut does not include
SDLC flag. In SDLC mode, the BOF is an SDLC flag, otherwise it is two comgeautes. Zero
length is not compatible in CSMA/CD mode.

GMOD.3 (CT) - CRCIype - If set, 32 biIAUTODIN-II-32 is used. If cleared, 16 bit CRC-CCITT
is used.

GMOD.4 (AL) - Address Length - If set, 16 bit addressing is used. In 8 bit mode, a match with
any of the 4 addressgisters will albw the frame to be accepted (ADRO, ADR1, ADR2, ADR3).
“Don’t Care” bits may be mked in ADRO and ADR1 with AMSKO and AMSK1. In 16 bit
mode, address are matched agaiA®2R1:ADRO” or “ADR3:ADR2". Again dont care bits in
ADR1:ADRO can be m&esd in AMSK1:AMSKO. A receved address of all ones will benays

be recognized inny mode.

GMOD.5,6 (M0,M1) - Mode select Fwo test modes, an optional “alternate kzdf mode, or
normal backéf can be enabled with thesed bits.

M1 MO Mode
0O O Normal
0 1 Rw Transmit
1 0 Rw Receave
1 1 Alternate B&off

GMOD.7 (XTCLK) - ExternalTransmit Clock - If set aexternal 1X clock is used the transmitte

If cleared the internal baud rate generatawvjoles the transmit clock. The input clock is applied

to the P1.3 TxC). The user software is responsible for setting or clearing this flag. External
receve clock is enabled by setting PCON.3

GO - DMA Go bit, see DCONO.

GRxD - GSC Redge Data input, an alternate function of one of the port 1 pins (PI.0). This pin is
used as the rene input for the GSC. P1.0 must be programmed to a 1 for this function to oper-
ate.

GSC - Global Serial Channel - A highvél, multi-protocol, serial communication controller
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added to the 8051BH core to accomplish high-speed transfersketigad serial data.

GTxD - GSCTransmit Data output, an alternate function of one of the port 1 pins (P1.1). This pin
is used as the transmit output for the GSC. P1.1 must be programmed to a 1 for this function to
operate.

HBAEN - HardWare Based Ackmwledge Enable, see RAT.

HLDA - Hold Acknowledge, an alternate function of one of the port 1 pins (P1.6). This pin is
used to perform the “HOLIACKNOWLEDGE” function for DMA transfers. HDA can be an

input or an output, depending on the configuration of the DMA channels. P1.6 must be pro-
grammed to a logic 1 for this function to operate.

HOLD - Hold, an alternate function of one of the port 1 pins (P1.5). This pin is used to perform
the “HOLD?” function for the DMA transfers. HOLD can be an input or an output, depending on
the configuration of the DMA channels. P1.5 must be programmed to a logic 1 for this function to
operate.

IDA - Increment Destination Address, see DCONO.

IE (OA8H)

7 6 S 4 3 2 1 0
EA ES ET1| EX1| ETO| EXO

Interrupt Enable SFR, used to imdlually enable th&imer and Local Serial Channel interrupts.
Also contains the global enable bit which must be set to a 1 to emgblgexrupt to be automat-
ically recognized by the CPU.

IE.O (EXO) - Enables thexternal interruptNTO on P3.2.

IE.1 (ETO) - Enables th&imer0 interrupt.

IE.2 (EX1) - Enables thexternal interruptNT1 on P3.3.

IE.3 (ET1) - Enables th@&mer 1 interrupt.

IE.4 (ES) - Enable the Local Serial Channel interrupt.

IE.7 (EA) - The global interrupt enable bit. This bit must be set to a hyaother interrupt to be
enabled.
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IEN1 (OC8H)

7 6 ) 4 3 2 1 0
EGSTE|[EDMA1|EGSTV |[EDMAO|EGSRE [EGSRV

Interrupt enableagister for DMA and GSC interrupts. A 1 inyabit position enables that interrupt.
IEN1.0 (EGRV) - Enables the GS@alid receve interrupt.

IEN1.1 (EGSRE) - Enables the GSC rigeeerror interrupt.

IEN1.2 (EDMADO) - Enables the DMA done interrupt for channel O.

IEN1.3 (EGSTV) - Enables the GS@lid transmit interrupt.

IEN1.4 (EDMAL) - Enables the DMA done interrupt for Channell.

IEN1.5 (EGSTE) - Enables the GSC transmit error interrupt.

IFS - (OA4H) Interframe Space, determines the number of bit times separating transmitted frames
in CSMA/CD and SDLC.

IP (OBSH)

7 6 5 4 3 2 1 0
PS PT1| PX1| PTO| EXO

All ows the user software twevkels of prioritization to be assigned to each of the interrupts in IE.

A 1 assigns the corresponding interrupt in IE a higher interrupt than an interrupt with a correspond-
ing 0.

IP.0 (PXO0) - Assigns priority oéxternal interrupt]NTO.

IP1 (PTO) - Assigns the priority d@imer O interrupt, TO.

IR2 (PX1) - Assigns priority o#éxternal interrupt)NTL1.

IP3 (PT1) - Assigns the priority dimerl interrupt, T1.

IP4 (PS) - Assigns the priority of the LSC interruB -
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IPN1 (OF8H)

/ 6 5 4 3 2 1 0]
PGSTE|PDMA1|PGSTV |PDMAO|PGSHE |PGRV

Allows the user saftare two &vels of prioritization to be assigned to each of the interrupts in
IEN1. A 1 assigns the corresponding interrupt in IEN1 a higher interrupt than an interrupt with a
corresponding O.

IPN1.0 (PGE®V) - Assigns the priority of GSC reiee valid interrupt.

IPN1.1 (PGSRE) - Assigns the priority of GSC error nez@nterrupt.

IPN1.2 (PDMADO) - Assigns the priority of DMA done interrupt for Channel 0.

IPN1.3 (PGSTV) - Assigns the priority of GSC transwaitid interrupt.

IPN1.4 (PDMAL) - Assigns the priority of DMA done interrupt for Channel 1.

IPN1.5 (PGSTE) - Assigns the priority of GSC transmit error interrupt.

ISA - Increment Source Address, see DCONO.

LNI - Line Idle, see THAT.

LSC - Local Serial Channel - The asynchronous serial port found on all MC84s&s] Uses
start/stop bits and can transfer only 1 bit at a time.

MO - One of wo GSC mode bits, see TMOD.
M1 - One of the two GSC mode bits, see TMOD.

MYSLOT - (OF5H)

7 6 5 4 3 2 1 0
DCJ| DCR| SA5 | SA4| SA3| SA2| SAl| SAO

Determines which type of Jam is used, whichkb&algorithm is used and DCR slot address for
the GSC.

MYSLOT.0,1,2,3,4,5 (SA0,1,2,3,4,5) - These bits determine which slot address is assigned to the
C152 when deterministic blaff during CSMA/CD operations on the GSC. Maximum stotsl-
able is 63. An address of 00Hepents that station from participating in the kaf€ process.

MYSLOQOT.6 (DCR) - Determines which collision resolution algorithm is used. If set to 1, then the
deterministic backid is used. If cleared, then a random slot assignment is used.
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MYSLOQT.7 (DCJ) - Determines the type of Jam used during CSMA/CD operation when a collision
occurs. If setto a 1 thenaw D.C level is used as the jam signal. If cleared, t6B&®C is used as
the jam signal. The jam is applied for a length of time equal to the CRC length.

NOACK - No Ackrowledgment error bit, see TAT.

NRZI - Non-Return to Zeranverted, a type of data encoding where a 0 is represented by a change
in the kvel of the serial link. A 1 is represented by no change.

OVR - Overrun Error bit, see RIAT.
PR - Protocol select bit, see GMOD.

PCON (87H)

7 6 ) 4 3 2 1 0
SMOD ARB| REQ|GAREN| XRCLK| GFIEN| PD| IDL

PCON.O (IDL) - Idle bit, used to place the C152 into the idkegy sving mode.
PCON.1 (PD) - Bwer Down bit, used to place the C152 into thever down power sving mode.

PCON.2 (GFIEN) - GSC Flag Idle Enable bit, when set, enables idle flags (01111110) to be gen-
erated between transmitted frames in SDLC mode.

PCON.3 (XRCLK) - External Reoee Clock bit, used to enable axternal clock to be used for
only the recever portion of the GSC.

PCON.4 (GAREN) - GSC Auxiliary Rene Enable bit, used to enable the GSC toiveceack-
to-back SDLC frames. This bit has nideet in CSMA/CD mode.

PCON.5 (REQ) - Requester mode bit, set to a 1 when C152 is to be operated as the requester station
during DMA transfers.

PCON.6 (ARB) - Arbiter mode bit, set to a 1 when C152 is to be operated as the arbiter during
DMA transfers.

PCON.7 (SMOD) - LSC mode bit, used to double the baud rate on the LSC.
PDMAQO - Priority bit for DMA Channel O interrupt, see IPN1.
PDMAL - Priority bit for DMA Channel 1 interrupt, see IPN1.

PGSRE - Priority bit for GSC Reise Error interrupt, see IPN1.
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PGSRV - Priority bit for GSC Redee Valid interrupt see IPN1.

PGSTE - Priority bit for GSCQransmitValid interrupt, see IPN1.

PLO - One of thewio bits that determines the Preamble Length, see GMOD.
PL1 - One of thewo bits that determines the Preamble Length, see GMOD.

PRBS - (OE4H) - Pseudo-Random Binary Sequence generates the pseudo-random number to be
used in CSMA/CD bdoff algorithms.

PS - Priority bit for the LSC service interrupt, sBe |
PTO - Priority bit forTimer O interrupt, see”

PT1 - Priority bit forTimer 1 interrupt, see”

PXO - Priority bit for External Interrupt O, see |
PX1 - Priority bit for External interrupt 1, se |
RCABT - GSC Reaee Abort error bit, see R&T.
RDN - GSC Redee Done bit, see RAT.

GREN - GSC Redee Enable bit, see R3T.

RFNE - GSC Regee FIFO Not Empty bit, see RBT.
RI - LSC Recere Interrupt bit, see SCON.

RFIFO - (F4H) - RFIFO is a 3-byte FIFO that contains theiveagata from GSC.

RSTAT (OE8H) - Recere Status Ryister

7 6 5 4 3 2 1 0
OVR | RCABT| AE | CRCE RDN| RFNE| GREN | HABEN

RSTAT.0 (HABEN) - Hardvare Based Ackowledge Enable - If set, enables the ek based
ackrowledge feature.

RSTAT.1 (GREN) - Receer Enable - When set, the ree is enabled to accept incoming frames.
The user must clear RFIFO with seéire before enabling the reeer. RFIFO is cleared by reading
the contents of RFIFO until RFNE = 0. After each read of RFIFO, it takes one magtimdr

the status of RFNE to be updated. Setting GREN also clears RDN, CRCE, AE and R&FAEN

is cleared by hardware at the end of a reception oyifeceve errors are detected. The status of
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GREN has noféect on whether the reer detects a collision in CSMA/CD mode as the ineme
input circuitry dways monitors the reoee pin.

RSTAT.2 (RFNE) - Redee FIFO Not Empty - If set, indicates that the reed-IFO contains data.

The receve FIFO is a three bytauffer into which the redee data is loaded. A CPU read of the
FIFO retreves the oldest data and automatically updates the FIFO pointers. Setting GREN to a one
will clear the receve FIFO. The status of this flag is controlled by the GSC. This bit is cleared if
the user software empties reeeFIFO.

RSTAT.3 (RDN) - Recere Done - If set, indicates the successful completion of avexoapera-
tion. Will not ne set is a CRC, alignment, abort or FigM@rrun error occurred.

RSTAT.4 (CRCE) - CRC Error - If set, indicates that a properly aligned freaseeceved with a
mismatched CRC.

RSTAT.5 (AE) - Alignment Error - In CSMA/CD mode, AE is set if the nigee shift egister (an
internal serial-to-parallel ewerter) is not full and CRC is bad when an EOF is detected. In CSMA/
CD the EOF is a line idle condition (see LNI) farat bit times. If the CRC is correct while in
CSMA/CD mode, AE bit is not set andyamis-alignment us assumed to be caused by dribble bits
as the line went idle. in SDLC mode. AE is set if a non-byte-aligned flag isedc€RC may also

be set. The setting of this flag is controlled by the GSC.

RSTAT.6 (RCABT) - Recwaver Collision/Abort Detect - If set, indicates a collisiwas detected
after data had been loaded into the ie&IFO in CSMA/CD mode. In SDLC mode, RCABT
indicates that 7 consecu I's were detected prior to the end of ftag after data has been loaded
into the receve FIFO. AE may also be set if RCABT is set.

RSTAT.7 (OVR) - Overrun - If set, indicates that the reaeFIFO was full andew shift register
datawas written into it. It is cleared by the user sa@ite. AE and/or CRCE may also be séMR
is set.

SARHO (0A3H) - Source Addressfister High 0, contains the high byte of the source address for
the DMA Channel 0.

SARH1 (0B3H) - Source Addressftster High 1, contains the high byte of the source address for
the DMA Channel 1.

SARLO (OA2H) - Source Addresseiister Low 0, contains theolv byte of the source address for
the DMA Channel 0.

SARL1 (OB2H) - Source Addressfister Low 1, contains theolv byte of the source address for
the DMA Channel 1.

SAS - Source Address Space bit, see DCONO.

SBUF (099H) - Serial Biter, both the reage and transmit SFR location for the LSC.
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SCON (098H)

{ 6 S 4 3 2 1 0
SMO |[SM1 | SM2 REN| TB8| RB8 | TI [RI

SCON.0 (RI) - Readge Interrupt Flag.
SCON.1 -Transmit Interrupt Flag.

SCON.2 (RB8) - Regee Bit 8, contains the ninth bit thabs recesed in Modes 2 and 3 and stop
bit in Mode 1 if SM20. Not used in Mode O.

SCON.3 (TB8) -Transmit Bit 8, the ninth bit to be transmitted in Modes 2 and 3.

SCON.4 (REN) - Redee Enable, enables reception for the LSC.

SCON.5 (SM2) - Enables the multiprocessor communication feature in Modes 2 and 3 for the LSC.
SCON.6 (SM1) - LSC mode specifie

SCON.7 (SM2) - LSC mode specifie

SDLC - Stands for synchronous Data Link Communication and is a proeadbgded by IBM.
SLOTTM - (0B4H) Determines the length of the slot time in CSMA/CD.

SP (081H) - Stack Pointean eight bit pointeregister used during a PUSH, PGCALL, RET or
RETI.

TCDCNT (0D4H) Contains the number of collisions in the current frame if using probabilistic
CSMA/CD and contains the maximum number of slots in the deterministic mode.

TCDT - Transmit Collision Detect, see TAT.

TCON (088H)

7 6 5 4 3 2 1 0
TF1 |TR1 TFO| TRO | IE1 | IT1 |IEO [ITO

TCON.O (ITO) - Interrupt 0 mode control bit.
TCON.1 (IEO) - External interrupt O edge flag.

TCON.2 (IT1) - Interrupt 1 mode control bit.
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TCON.3 (IE1) - External Interrupt 1 edge flag.

TCON.4 (TRO) -Timer 0 run control bit.

TCON.5 (TFO) -Timer Ooverflow flag.

TCON.6 (TR1) -Transmit Done flag, see TAT.

TCON.7 (TF1) -Timer loverflow flag.

TDN - Transmit Done Flag, see TAT

TEN - Transmit Enable bit, see TAT.

TFNF - Transmit FIFO Not Full Flag, see TAT.

TFIFO - (85H) TFIFO is a 3 byte FIFO that contains the transmission data for the GSC.
THO (08CH) -Timer 0 High Byte, contains the high byte for timer/counter 0.
TH1 (O8DH) -Transmit Interrupt, see SCON.

TLO (0O8AH) - Timer O Low byte, contains theolv byte for timer/counter O.
TL1 (08BH) -Timer 1 Low byte, contains the byte for timer/counter 1.

TM - Transfer Mode, see DCONO.

TMOD (089H)

7 6 5 4 3
GATE|C/T M1 | MO |GATE| C

SN
<
=

MO

TMOD.0 (MO0) - Mode selector bit foFimer 0.
TMOD.1 (M1) - Mode selector bit foFimer O.
TMOD2 (C/T) - Timer/Counter selector bit fatimer 0.
TMOD3 (GATE) - Gating Mode bit fofimer 0.
TMOD.4 (MO0) - Mode selector bit foFimer 1.
TMOD.5 (M1) - Mode selector bit foFimer 1.

TMODG (C/T) - Timer/Counter selector bit falimer 1.
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TMOD7 (GATE) - Gating Mode bit fofimer 1.

TSTAT (OD8H) -Transmit Status &jister

7 6 S 4 3 2 1 0]
LNI |[NOACK UR | TCDT| TDN| TFNH TEN |[DMA

TSTAT.0 (DMA) - DMA Select - If set, indicates that DMA channels are used to service the GSC
FIFO's and GSC interrupts occur on TDN and RDN, and also enables UR to become set. If cleared,
indicates that the GSC is operating in it normal mode and interrupt occur on TFNE andieFNE.
more information on DMA servicing please refer to DMA section on DMA serial demand mode
(4.2.2.3).

TSTAT.1 (TEN) -Transmit Enable - When set, causes TDN, UR, TCDT aDAGK flags to be

reset and TFIFO cleared. The transmitter will clear TEN after a successful transmission, a collision
during the data, CRC, or end flag. If cleared during transmission the GSC transmit pin goes to a
steady state higletel. This is the method used to send an abort character in SDLCDENGs

forced to highdvel. The end of transmission occurs wéa the TFIFO is emptied.

TSTAT.2 (TENF) -Transmit FIFO Not Full - When set, indicates that te& data may be written
into the transmit FIFO. The transmit FIFO is a three bytker that loads the transmit shiégister
with data.

TSTAT.3 (TDN) -Transmit Done - When set, indicates the successful completion of a frame trans-
mission. If HBAEN is set, TDN will not be set until the end of the IFSdweihg the transmitted
message, so that the aokrledgment can be chieed. If an ackowledgment is noexpected fol-
lowing a broadcast or multi-cast [xat.

TSTAT.4 (TCDT) -Transmit Collision Detect- If set, indicates that the transmitter halted due to
collision. It is set if a collision occurs during the data or CRC or is there are more than eighth col-
lisions.

TSTAT.5 (UR) - Underruns - If set, indicates that in the DMA mode lastéost shifted out of the
transmit egister and the DMA byte count did not equal zero. When an underrun occurs, the trans-
mitter halts without sending the CRC or the end flag.

TSTAT.6 (NOACK) - No Ackrowledge - If set, indicates that no ackriedgment was reoeed for
the pevious frameWill be set only if HBAEN is set and no ackwledge is receed prior to the
end of the IFS. WACK is not set folbwing a broadcast or multicast .

TSTAT.7 (LNI) - Line Idle - If set, indicates that the receline is idle. In SDLC protocol it is set
if 15 consecuve ones are reoged. In CSMA/CD protocol, line idle is set if GRxD remains high
for approximately 1.6 bit times. LNI is cleared after a transition on GSxD.

TxD - External Clock input for GSC transmitte
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UR - Underrun Flag, see TAT.
XRCLK - External GSC Redee Clock Enable bit, see PCON.

XTCLK - External GSCIransmit Clock Enable bit, see GMOD.

PORT O
Bit: 7 6 5 4 3 2 1 0
PO.7 P0.6 P0.5 P0.4 P0.3 P0.2 PO.1 P0O.0
Mnemonic PO Address 80h

Port O is used as the muligged address/dataus forexternal access.Since the cpxecutes all
program code fronexternal memaoy, the Port PO should not be used for 1/0O purposes. Pull-ups
are not required when used as a memoryfater

STACK POINTER

Bit: 7 6 5 4 3 2 1 0

SP.7 SP.6 SP5 SP4 SP.3 SP.2 SP1 SP.O

Mnemonic SP Address 81h

The Stack Pointer stores the Scratchpad RAM address where theesfgsk Im other words it
always points to the top of the stack.

The SP is set to 07h onyareset.

There is unrestricted read/write access to this SFR.

DATA POINTER LOW

Bit: 7 6 5 4 3 2 1 0

DPL.7 | DPL.6 | DPL5 | DPL.4 | DPL.3| DPL.2 | DPL.1| DPL.O

Mnemonic DPL Address 82h

This is the dw byte of the 16-bit data pointe
The DPL is reset to 00h by a reset.
There is unrestricted read/write access to this SFR.
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DATA POINTER HIGH

Bit: 7 6 5 4 3 2 1 0
DPH.7| DPH.6| DPH.5| DPH.4| DPH.3| DPH.2| DPH.1| DPH.0
Mnemonic DPH Address 83h
This is the high byte of the 16-bit data pomte

The DPH i

s reset to 00h by a reset.

There is unrestricted read/write access to this SFR.

TIMER CONTROL

Bit:

7 6 5 4 3 2 1 0

TF1 TR1 TFO TRO IE1 IT1 IEO ITO

Mnemonic TCON Address 88h

TF1

TR1

TFO

TRO

IE1

IT1

IEO

ITO

Timer 1overflow flag: This bit is set whemimer 1overflows. It is cleared automati-
cally when the program does a timer 1 interrupt service routinav&@eftan also set

or clear this bit.

Timer 1 run control: This bit is set or cleared by software to turn timer/counter on or
off.

Timer Ooverflow flag: This bit is set whemimer Ooverflows. It is cleared automati-
cally when the program does a timer 0 interrupt service routinav&@eftan also set

or clear this bit.

Timer O run control: This bit is set or cleared by software to turn timer/counter on or
off.

Interrupt 1 edge detect: Set by hardware when an edgli$ detected oNT1. This

bit is cleared by hardware when the service routivedsored to only if the interrupt
was edge triggered. Otherwise it twiis the pin.

Interrupt 1 type control: Set/cleared by g@fte to specifyalling edge/ dw level trig-
geredexternal inputs.

Interrupt O edge detect: Set by hardware when an edgli# detected oNTO. This

bit is cleared by hardware when the service routiveasored to only if the interrupt
was edge triggered. Otherwise it twils the pin.

Interrupt O type control: Set/cleared by sdadte to specifyalling edge/ dw level trig-
geredexternal inputs.

The TCON is reset to 00h by a reset.
There is unrestricted read/write access to this SFR.
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TIMER MODE CONTROL

Bit: 7 6 5 4 3 2 1 0

GATE | CIT M1 MO | GATE | CIT M1 MO

TIMER 1 TIMER O
Mnemonic TMOD Address 89h

GATE Gating control: When this bit is s@imer/counter x is enabled only whileTx pin is
high and TRx control bit is set. When clear€erx is enabled whemer TRx con-
trol bit is set.
CIT Timer or Counter Select: When cleared, the timer is incremented by internal clocks.
When set, the timer counts high-tav edges of the Tx pin.
M1 MO Mode Select bits:
M1 MO Mode

0 0 Mode 0: 8-bits with 5-bit pre-scale

0 1 Mode 1: 18-bits, no pre-scale

1 0 Mode 2: 8-bits with auto-reload from THx

1 1 Mode 3: imer 0) TLO is an 8-bit timer/counter controlled by the stan-

dardTimer O control bits. THO is a 8-bit timer only controlledgner
1 control bits.
(Timer 1) Timer/counter is stopped.

The TMOD is reset to 00h by a reset.

There is unrestricted read/write access to this SFR.

TIMER O LSB

Bit: 7 6 5 4 3 2 1 0

TLO.7 | TLO.6 | TLO.5 | TLO.4 | TLO.3 | TLO.2 | TLO.1 | TLO.O

Mnemonic TLO Address 8Ah

TLO.7-0 Timer O LSB
The TLO sfr is set to 00h omwareset.
There is unrestricted read/write access to this SFR.

TIMER 1 LSB

Bit: 7 6 5 4 3 2 1 0

TL1.7 | TL1.6 | TLZS5 | TL1.4 | TL1.3 | TL1.2 | TL1.1 | TL1.0

Mnemonic TL1 Address 8Bh
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TL1.7-0 Timer 1 LSB

The TL1 sfr is set to 00h omyareset.

There is unrestricted read/write access to this SFR.
TIMER O MSB

Bit: 7 6 5 4 3 2 1 0

THO.7 | THO.6 | THO.5 | THO.4 | THO.3 | THO.2 | THO.1 | THO.O

Mnemonic THO Address 8Ch

THO.7-0 Timer 0 MSB

The THO sfr is set to 00h omyareset.

There is unrestricted read/write access to this SFR.
TIMER 1 MSB

Bit: 7 6 5 4 3 2 1 0

TH1.7 | TH1.6 | TH1.5| TH1.4| TH1.3| TH1.2 | TH1.1 | TH1.0

Mnemonic TH1 Address 8Dh

TH1.7-0 Timer 1 MSB
The TH1 sfr is set to 00h omyareset.
There is unrestricted read/write access to this SFR.

PORT 1
Bit: 7 6 5 4 3 2 1 0
P1.7 P1.6 P1.5 P1.4 P1.3 P1.2 P1.1 P1.0
Mnemonic P1 Address 90h

P1.7-0  General purpose I/O port. Most instructions will read the port pins in case of a port
read accessowever in case of read-modify-write instructions, the port latch is read.

The P1 sfris set to FFh by a reset.

There is unrestricted read/write access to this SFR.
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SERIAL PCRT CONTROL

Bit: 7 6 5 4 3 2 1 0
SMO SM1 SM2 REN TB8 RB8 TI RI
Mnemonic SCON Address 98h

SMO Serial port, Mode 0 bit: The operation of SMO is describedwbel
SM1 Serial port Mode bit 1:

SMO SM1 Mode Description Length  Baud rate
0 0 0 Synchronous 8 4/12 tclk
0 1 1 Asynchronous 10 variable
1 0 2 Asynchronous 11 64/32 tclk
1 1 3 Asynchronous 11 variable
SM2 Multiple MCU communication: Setting this bit to 1 enables the multiprocessor com-

munication feature in mode 2 and 3. In mode 2 or 3, if SM2 is set to 1, then RI will not
be acivated if the reaged 9th data bit (RB8) is 0. In mode 1, if SM2 = 1, then RI will
not be aatated if avalid stop bit was not rebesd.

REN Receave enable: When set to 1 serial reception is enabled, else reception is disabled.

TB8 This is the 9th bit to be transmitted in modes 2 and 3. this bit is set and cleared by soft-
ware as desired.

RB8 In modes 2 and 3 this is the reea 9th data bit. In mode 1, if SM2 = 0, RB8 is the
stop bit that was reoeed. In mode 0 it has no function.

TI Transmit interrupt flag: This flag is set by hardware at the end of the 8th bit time in

mode 0, or at thedginning of the stop bit in all other modes during serial transmis-
sion. This bit must be cleared by sudte.

RI Receve interrupt flag: This flag is set by hardware at the end of the 8th bit time in
mode 0, or halffay through the stop bits time in the other modes during serial recep-
tion. However the restrictions of SM2 applies on this bit. This bit can be cleared only
by software

The SCON sfr is set to 00h by a reset.

There is unrestricted read/write access to this SFR.

SERIAL DATA BUFFER

Bit: 7 6 5 4 3 2 1 0

SBUFR.7| SBUF.6| SBUF.5| SBUF.4| SBUF.3| SBUF.2| SBUF.1| SBUF.0

Mnemonic SBUF Address 99h

SBUF.7-0 Serial data is read from or written to this location. It actually consistgso$éparate
8-bit registers. On is the rene resistg and the other is the transrhitffer. Any read
access gets data from the neeedatabuffer, while write accesses are to the transmit
databuffer.
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The SBUF sfr is set to 00h by a reset.
There is unrestricted read/write access to this SFR.

PORT 2
Bit: 7 6 5 4 3 2 1 0
pP2.7 P2.6 P2.5 P2.4 P2.3 pP2.2 P2.1 P2.0
Mnemonic P2 Address AOh

P2.7-0  Non-multiplexed addresbus A15-A8: The port latch cannot be used for general 1/0
purposesbut exists to support the BVX instructions. Port 2 data will only be
brought out on the P2.7-0 pins during indired®WX instructions.

The P2 sfr is set to FFh by a reset.

There is unrestricted read/write access to this SFR.

PORT 3
Bit: 7 6 5 4 3 2 1 0
P3.7 P3.6 P3.5 P3.4 P3.3 P3.2 P3.1 P3.0
Mnemonic P3 Address BOh

P3.7-0  General purpose 1/O port. Each pin also has a alternate input or output function. This
alternate function is enabled if the corresponding port latch bit is set to 1, else the port
pin will remain stuck at 0.

P3.7 RD Strobe for read fromaxternal RAM

P3.6 WR Strobe for write t@xternal RAM

P3.5 T1 Timer/counter Xexternal count input
P3.4 T0 Timer/counter Gxternal count input
P3.3 INTO External interrupt 1
P3.2 INT1 External interrupt O

P3.1 TxD  Serial port output

P3.0 RxD  Serial port input

The P3 sfr is set to FFh by a reset.

There is unrestricted read/write access to this SFR.

PROGRAM STATUS WORD

Bit: 7 6 5 4 3 2 1 0
CY AC FO RS1 RSO oV F1 P
Mnemonic PSW Address DOh
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CY Carry flag: Set for an arithmetic operation which results in a carry being generated
from the ALU. It is also used as the accumulator for the bit operations.
AC Auxiliary carry: Set when the prious operation resulted in a carry (during addition0
or a borow (during subtraction) from the high order nibble.
FO User flag 0: General purpose flag that can be set or cleared by the usewagesoft
RS.1-0 Register bank select bits:
RS1 RSO Register bank Address
0 0 0 00-07h
0 1 1 08-0Fh
1 0 2 10-17h
1 1 3 18-1Fh
ov Overflow flag: Set when a carry was generated from #ergh bitbut not from the
8th bit as a result of theguious operation or vicgersa.
F1 User Flag 1: General purpose flag that can be set or cleared by the usenvaresoft
P Parity flag: Set/cleared by haxdre to indicate oddven number of 'k in the accumu-
lator.

The PSW sfr is set to 00h by a reset.
There is unrestricted read/write access to this SFR.

ACCUMULATOR

Bit: 7 6 5 4 3 2 1 0

ACC.7| ACC.6| ACC.5| ACC.4| ACC.3| ACC.2| ACC.1| ACC.0

Mnemonic ACC Address EOh

ACC.7-0 The A orACC register is the accumulator
The ACC is reset to 00h omwpreset
This sfr has unrestricted read/write access.
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EXTERNAL PROGRAM MEMORY READ CYCLE

TLHLL
-
ALE 4/—\ / \
TLLPL = TPLPH
PSEN/EPSEN / / \
_
== TPLAZ

PORTO/PORTS —  A0-A7 = INSTRIN <  AO0A7

TAVLL | TLLAX

PORT2/PORT6 A8-A15 X
Table 15:

Symbol Parameter Value Unit
VUTCLCL | Oscillator Frequency 16.5 (Max) MHz
TLHLL ALE Pulse Width 2TCLCL -1 ns
TAVLL Addressvalidto ALE Low TCLCL - 10 ns
TLLAX Address Hold After ALE low TCLCL -5 ns
TLLPL ALE Low to PSEN Low TCLCL +1 ns
TPLPH PSEN Pulse Width 3TCLCL +0.5 ns
TPLAZ PSEN low to Address float 35 ns
TRLRH RD Pulse Width 6TCLCL -2 ns
TWLWH WR Pulse Width 6TCLCL -2 ns
TLLWL ALE low to RD/WR Low 3TCLCL +6 ns
TAVWL Address to RD/WR Low ATCLCL +3 ns
TQVWX Data Valid to WR High 7TCLCL -2 ns
TWHQX Data Hold after WR TCLCL -1 ns
TRLAZ RD Low to Address Float -1 ns
TWHLH RD/WR High to ALE High TCLCL - 10 ns
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EXTERNAL DATA MEMORY READ CYCLE

TLLWL |— TRLRH _ | TWHLH

o ? \

TAVWL TRLAZ

PORTO —  Aop7 < DATAIN —~___AO-A7

TAVLL | TLLAX

PORT?2 PRT20-PRT27 or A8-A15 from DPH ><

EXTERNAL DATA MEMORY WRITE CYCLE

TLLWL TWLWH_ | TWHLH
TAVWL
TQVWX
-
PORTO —( AG-AT DATA OUT X AOAT7
TAVLL | TLLAX
PORT2 PRT20-PRT27 or A8-A15fromDPH X

Kawasaki LSI USA Page 120 of 134 Ver. KS152JB4




M 80152 Univer sal Communications Controller

Technical Specifications

GSC TIMINGS (EXTRENAL CLOCK)

External clock ECBT

J

Transmit Data ><

ECDVT
i

=

ECBT

= ECDHT

External cl ocw
ECL

ECH
ECDSR< =< = ECDHR
Receive Data >< ><
Table 16:
Symbol Parameter Value Unit

VECBT Gsc External Clock Frequency

0.145/TCLCL MHz

ECH,ECL | External clock High,Low

2TCLCL + 45 ns

ECDVT External Clock to Data valid out 6.5 ns
ECDHT External Clock Data hold 0 ns
ECDSR External Clock Data setup 45 ns
ECDHR External clock to Data Hold 50 ns
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