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FRAME FORMAT 

The ADLC transmits and receives data (information or 
control) in a format called a frame. All frames start with an 
opening flag (F) and end with a closing flag (F). Between the 

opening flag and closing flag, a frame contains an address 
field, control field, Information field (optional) and frame 
check sequence field. 

FIGURE 7 - DATA FORMAT OF A FRAME 

""1 .. ..-------------------- A Frame �-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�~�~�I� 

01111110 

(Opening) 
Flag 

Address" 
Field 

Control" 
Field 

Logical Control 
Sub-Field (Option) 

Frame Check 
Sequence Field 

01111110 

(ClOSing) 
Flag 

"Extendable (Optional) �~� Information Field �~�I� 
(Optional) 

Flag (F) - The flag IS the unique binary pattern 
(0111"'0). It provides the frame boundary and a reference 
for the position of each field of the frame. 

The ADLC transmitter generates a flag pattern Internally 
and the opening flag and closing flags are appended to a 
frame automatically. Two successive frames can share one 
flag for a closing flag of the first frame and for the opening 
flag of the next frame, if the "FF" /"F" control bit in the con­
trol register is reset. 

The receiver searches for a flag on a blt-by-bit baSIS and 
recognizes a flag at any time. The receiver establishes the 
frame synchronization With every flag. The flags mark the 
frame boundary and reference for each field but they are not 
transferred to the Rx FIFO. The detection of a flag is in­
dicated by the Flag Detect output and by a status bit in the 
status register. 

Order of Bit Transmi<t.ction - Address, control and infor­
matIOn field bytes are transferred between the MPU and the 
ADLC in parallel by means of the data bus. The bit on DO 
(data bus bit 0, pin 22) is serially transmitted first, and the 
first serially received bit is transferred to the MPU on DO. The 
FCS field is transmitted and received MSB first. 

Address (A) Reid - The 8 bits following the opening flag 
are the address (A) field. The A-field can be extendable if the 
Auto-Address Extend Mode is selected in control register 13. 
In the Address Extend Mode, the first bit (bit 0) in every ad­
dress octet becomes the extend control bit. When the bit is 
"0", the ADLC assumes another address octet will follow, 
and when the bit is ",", the address extension is terminated. 
A "null" address (all "O's") does not extend. In the receiver, 
the Address Present status bit distinguishes the address field 
from other fields. When an address byte is available to be 
read in the receive FIFO register, the Address Present status 
bit is set and causes an interrupt (if enabled). The Address 
Present bit is set for every address octet when the Address 
Extend Mode is used. 

Control (C) Field - The 8 bits follOWing the address field IS 
the control (link control) field. When the Extended Control 
Field bit In control register #3 IS selected, the C-fleld is ex­
tended to '6 bits 

Information (I) Field - The I-field follows the C-fleld and 
precedes the FCS field. The I-field contains "data" to be 
transferred but IS not always necessarily contained In every 
frame. The word length of the I-field can be selected from 5 
to 8 bits per byte by control bits In control register 14. The 
I-field will continue until It IS terminated by the FCS and clos­
ing flag. The receiver has the capability to handle a "partial" 
last byte. The last information byte can be any word length 
between 1 and 8 bits. If the last byte in the I-field is less than 
the selected word length, the receiver Will right Justify the 
received bits, fill the remaining bits of the receiver shift 
register With zeros, and transfer a full byte to the Rx FIFO. 
�R�"�~�"�r�r�l�l�"�~�~� nf r"I"'::t"ci �b�\�'�t�~� �l�~�n�'�J�t�h�,� �t�h�~� ADLC "':I!I �t�r�:�:�:�~�:�f�8�,� 8 
bits of data to the data bus. Unused bits for word lengths of 
5, 6, and 7 will be zeroed. 

Logical Control (LC) Field - When the Logical Control 
Field Select bit. in control register 13, IS selected the ADLC 
separates the I-field into two sub-fields. The first sub-field IS 
the Logical Control field and the following sub-field IS the 
"data" portion of the I-field. The logical control field is 8 bits 
and follows the C-fleld, which is extendable by octets, If It is 
selected. The last bit (bit 7) is the extend control bit, and if it 
IS a"''', the LC-fleld is extended one octet. 

NOTE 

Hereafter the word "Information field" or "I-field" is 
used as the data portion of the information field, and 
excludes the logical control field. This is done in order 
to keep the consistency of the meaning of "Informa­
tion field" as specified In SDLC, HDLC. and ADCCP 
standards. 
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Frame Check Sequence (FCS) Field - The '6 bits 
preceding the clOSing flag IS the FCS field. The FCS is the 
"cycliC redundancy check character (CRCC)" The 
polynomial x'6+ x '2+ x5+, IS used both for the transmitter 
and receiver. Both the transmitter and receiver polynomial 
registers are Initialized to all ""s" pnor to calculation of the 
FCS The transmitter calculates the FCS on all bits of the ad­
dress, control, logical control (If selected), and information 
fields, and transmits the complement of the resulting re­
mainder as FCS. The receiver performs the similar computa­
tion on all bits of the address, control, logical control (If 
selected), information, and received FCS fields and com­
pares the result to FOBS (Hexadecimal). When the result 
matches FOBS, the Frame Valid status bit IS set In the status 
register If the result does not match, the Error status bit IS 
set The FCS generation, transmiSSion, and checking are 
performed automatically by the ADLC transmitter and 
receiver The FCS field IS not transferred to the Rx FIFO 

Invalid Frame - Any valid frames should have at least the 
A-field, C-fleld, and FCS field between the opening flag and 
the clOSing flag When Invalid frames are received, the ADLC 
handles them as follows 

,. A short frame which has less than 25 bits between 
flags - the ADLC Ignores the short frame and ItS 
reception IS not reported to the MPU 

2 A frame less than 32 bits between the flags, or a frame 
32 bits or more With an extended A-field or C-fleld that 
IS not completed. - This frame IS transferred Into the 
Rx FIFO The FCS/IF Error status bit indicates the 
reception of the Invalid frame at the end of the frame. 

3. Aborted Frame - The frame which IS aborted by 
receiving an abort or DCD failure IS also an Invalid 
frame Refer to "Abort" and "DCD status bit" 

Zero Insertion and Zero Deletion - The Zero insertion and 
deletion, which allows the content of the frame to be 
transparent, are performed by the ADLC automatically A 
binary 0 IS Inserted by the transmitter after any suc~esslon of 
five ""s" Within a frame (A, C, LC, I, and FCS tieldl. The 
receiver deletes a binary 0 that follows successive five con­
tinuous ""s" Within a frame 

Abort - The function of prematurely terminating a data 
link IS called "abort" The transmitter aborts a frame by 
sending at least eight consecutive ""s" Immediately after 
the Tx Abort control bit In control register #4 IS set to a"'''. 
(Tx FIFO IS also cleared by the Tx Abort control bit at the 
same time.) The abort can be extended up to (at least) '6 
consecutive ",'s", If the Abort Extend control bit In the con­
trol register #4 IS set when an abort IS sent This feature IS 
useful to force mark Idle transmission. Reception of seven or 
more consecutive ""s" IS Interpreted as an abort by the 
receiver. The receiver responds to a received abort as 
follows. 

, An abort In an "out of frame" condition - an abort 
dunng the Idle or time fill has no meaning. The abort 
reception IS indicated In the status register as long as 
the abort condition continues; but neither an Interrupt 
nor a stored condition occurs. The abort indication 
disappears after '5 or more consecutive ""s" are 
received (Received Idle status IS set) 

2. An abort "In frame" after less than 26 bits are received 
after an opening flag - under thiS condition, any field 

of the aborted frame has not transferred to the MPU 
yet The ADLC clears the aborted frame data In the 
FIFO and clears flag synchrOnization. N8Ither an inter­
rupt nor a stored status occurs The status indication 
IS the same as (,) above 

3. An abort "In frame" after 26 bits or more are received 
after an opening flag - under thiS condition, some 
fields of the aborted frame might have been transfer­
red onto the data bus The abort status IS stored In the 
receiver status register and the data of the aborted 
frame In the ADLC IS cleared The synchronization IS 
also cleared. 

Idle and Time Fill - When the transmitter IS In an "out of 
frame" condition (the transmitter IS not transmitting a 
frame), It IS In an Idle state Either a senes of contiguous flags 
(time fill) or a mark Idle (consecutive ""s" on a blt-by-blt 
baSIS) IS selected for the transmission In an Idle state by the 
Flag/Mark Idle control bit When the receiver receives '5 or 
more consecutive ""s", the Receive Idle status bit IS set and 
causes an Interrupt. The flags and mark Idle are not transfer­
red to the Rx FIFO 

OPERATION 

INITIALIZATION 

Dunng a power-on sequence, the ADLC IS reset via the 
RESET Input and Internally latched In a reset condition to 
prevent erroneous output transitions. The four control 
registers must be programmed pnor to the release of the 
reset condition The release of the reset condition IS perform­
ed via software by writing a "0" Into the Rx RS control bit 
(receiver) and/or Tx RS control bit (transmitter). The release 
of the reset condition must be done after the RESET Input 
has gone high 

At any time dunng operation, wntlng a "'" Into the Rx RS 
control bit or Tx RS control bit causes the reset condition of 
the receiver or the transmitter. 

TRANSMITTER OPERATION 

The Tx FIFO register cannot be pre-loaded when the 
transmitter IS In a reset state. After the reset release, the 
Flag/Mark Idle control bit selects either the mark Idle state 
(inactive Idle) or the Flag "time fill" (active Idle) state. ThiS 
active or inactive mark Idle state Will continue until data IS 
loaded Into the Tx FIFO. 

The availability of the Tx FIFO IS indicated by the TORA 
status bit under the control of the 2-Byte/ '-Byte control bit. 
TORA status IS inhibited by the Tx RS bit or CTS Input being 
high When the '-Byte mode IS selected, one byte of the 
FIFO IS available for data transfer when TORA goes high. 
When the 2-Byte mode IS selected, two successive bytes can 
be transferred when TORA goes high 

The first byte (Address field) should be written into the Tx 
FIFO at the "Frame Continue" address. Then the transmis­
sion of a frame automatically starts. If the transmitter IS In a 
mark Idle state, the transfer of an address causes an opening 
flag Within two or three transmitter clock cycles. If the 
transmitter has been In a time fill state, the current time fill 
flag being transmitted IS assumed as an opening flag and the 
address field Will follow It. 
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F = flag 
A D address 
C - (link) control 
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FIGURE Be - ADLC TRANSMITTER STATE DIAGRAM 
1Cibi refers to control register bit) 

FIFO Empty 

LC = logical control (optional) 
I - Information 

FCS - frame check sequence 
ABT - abort 

C4b2 

MOTOROLA MICROPROCESSOR DATA 

3-1828 

Flag Idle (C2b2 = 1) 
or 
2F I nterframe (C4bO = 1) 

C3b2 

C3b1 Extend Control 
(1 Byte only) 



MC6854 

FIGURE 8b - ADLC RECEIVER STATE DIAGRAM 

Extend 

More 
08te 
(C4b3 & C4b4) 

·Out-of-frame Abort (No IRa) 

A frame continues as long as data IS wntten Into the Tx 
FIFO at the "Frame Continue" address. The ADLC internally 
keeps track of the field sequence in the frame. The frame for­
mat is descnbed in the "FRAME FORMAT" section. 

The frame IS terminated by one of two methods. The most 
efficient way to terminate the frames from a software stand­
pOint is to wnte the last data character Into the Transmit 
FIFO "Frame Terminate" address (RS1. RSO= 11) rather 
than the Transmit FIFO "Frame Continue" address (RS1. 
RSO= 10), An alternate method is to follow the last wnte of 
data in the Tx FIFO "Frame Continue" address with the set­
ting of the Transmit Last Data control bit. Either method 

Address Extend 

causes the last character to be transmitted and the FCS field 
to automatically be appended along with a clOSing flag. Data 
for a new frame can be loaded into the Tx FIFO immediately 
after the old frame data. if TDRA is high. The closing Flag 
can serve as the opening Flag of the next frame or separate 
opening and closing Flags may be transmitted. If a new 
frame is not ready to be transmitted. the ADLC will 
automatically transmit the Active (Flag) or Inactive (Mark) 
Idle condition. 

If the Tx FIFO becomes empty at any time during frame 
transmission (the FIFO has no data to transfer into transmit­
ter shift register during transmission of the last half of the 
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next to last bit of a word), an underrun will occur and the 
transmitter automatically terminates the frame by transmit­
ting an abort. The underrun state is indicated by the Tx 
Underrun status bit. 

Any time the Tx ABORT Control bit is set, the transmitter 
immediately aborts the frame (transmits at least 8 con­
secutive ""s") and clears the Tx FIFO If the Abort Extend 
Control bit IS set at the time, an Idle (at least '6 consecutive 
""s") IS transmitted. An abort or idle in an "out of frame" 
condition can be useful to gain 8 or '6 bits of delay. (For an 
example, see "Programming Considerations. ") 

The m (Clear-to-Send) Input and m (Request-to­
Send) output are provided for a MODEM or other hardware 
interface. 

The TDRA/FC status bit (when selected to be Frame 
Complete Status) can cause an Interrupt upon frame com­
pletIOn (I.e., a flag or abort completionl. 

Details regarding the inputs and outputs, status bits, con­
trol bits, and FIFO operation are described in their respective 
sections. 

RECEIVER OPERATION 
Data and a pre-synchronized clock are provided to the 

ADLC receiver section by means of the Receive Data (RxD) 
and Receive Clock (RxC) inputs. The data IS a continuous 
stream of binary bits with the characteristic that a maximum 
of five ""s" can occur In succession unless Abort, Flag, or 
Idling condition occurs. The receiver continuously (on a bit­
by-bit baSIS) searches for Flags and Aborts. 

When a flag is detected, the receiver establishes frame 
synchronization to the flag timing. If a series of flags IS 
received, the receiver resynchronlzes to each flag. 

If the frame IS terminated before the Internal buffer time 
expires (the frame data IS less than 25 bits after an opening 
flag), the frame IS simply ignored. NOise on the data input 
(RxD) during time fill can cause this kind of Invalid frame. 

The received serial data enters a 32-blt shift register (clock­
ed by RxC) before It is transferred Into the Rx Data FIFO. 
SynchrOnization IS established when a Flag IS detected in the 
first eight locations of the shift register. Once synchronlza­
tlUIl I I oj::' Ut-C:II oCilll.Nt;U, uoW IS clocked through to the last 
byte location of the shift register where It IS transferred byte­
per-byte into the Rx Data FIFO. The Rx Data FIFO is clocked 
by E to cause received data to move through the FIFO to the 
last empty register location. The Receiver Data Available 
status bit (RDA) Indicates when data IS present In the last 
register (Register 13) for the '-Byte Transfer Mode. The 
2-Byte Transfer Mode causes the RDA status bit to indicate 
data is available when the last two FIFO register locations 
(Registers 12 and 13) are full. If the data character present In 
the FIFO IS an address octet, the status register will exhibit 
an Address Present status condition. Data being available In 
the Rx Data FIFO causes an Interrupt to be initiated (assum­
Ing the receiver Interrupt IS enabled, RIE=","1. The MPU 
will read the ADLC Status Register as a result of the interrupt 
or in its turn in a polling sequence. RDA or Address Present 
will Indicate that receiver data IS available and the MPU 
should subsequently read the Rx Data FIFO register The in­
terrupt and status bit Will then be reset automatically. If more 
than one character had been received and was resident in the 
Rx Data FIFO, subsequent E clocks Will cause the FIFO to 
update and the RDA status bit and Interrupt Will again be 
SET. In the 2-Byte Transfer Mode both data bytes may be 

read on consecutive E cycles. Address Present provides for' 
byte transfers only. 

The sequence of each field in the received frame is 
automatically handled by the ADLC. The frame format is 
described In the "FRAME FORMAT" section. 

When a closing flag IS received, the frame IS terminated. 
The '6 bits preceding the clOSing flag are regarded as the 
FCS and are not transferred to the MPU. Whatever data is 
present In the most-significant byte portion of the receiver 
buffer register It is right Justified and transferred to the Rx 
FIFO. The frame boundary pOinter, which IS explained In the 
"Rx FIFO REGISTER" section, IS set Simultaneously In the 
Rx FIFO. The frame boundary pOinter sets the Frame Valid 
status bit (when the frame was completed With no error) or 
the FCS/IF Error Status bit (when the frame was completed 
With error) when the last byte of the frame appears at the last 
location of the Rx FIFO. As long as the Frame Valid or 
FCS/IF Error status bit IS set, the data transfer from the 
second location of the Rx FIFO to the last location of the Rx 
FIFO IS inhibited 

Any time the Frame Discontinue control bit IS set, the 
ADLC discards the current frame data In the ADLC Without 
dropping flag synchronizatIOn. ThiS feature can be used to 
Ignore a frame which IS addressed to another station. 

The reception of an abort or Idle is explained In the 
"FRAME FORMAT" section: The details regarding the in­
puts, outputs, status bitS, control bits, and Rx FIFO opera­
tion are described in their respective sections. 

LOOP MODE OPERATION 
The ADLC in the loop mode, not only performs the 

transmission and receiving of data frames In the manner 
previously described, but also has additional features for 
gaining and relinquishing loop control In Figure 9a, a con­
figuration IS shown which depicts loop mode operation. The 
system configuration shows a primary station and several 
secondary stations. The loop IS always under control of the 
primary station. When the primary wants to receive data, It 
transmits a Poll sequence and allows frame transmiSSion to 
secondary stations on the loop Each secondary IS In series 
and adds one bit of delay to the loop Secondary A In the 
figure receives data from the primary via ItS Rx Data Input, 
delays the data' bit, and transmits It to secondary B via ItS 
Tx Data Output. Secondaries B, C, and D operate In a Similar 
manner. Therefore, data passes through each secondary and 
IS received back by the primary controller. 

Certain protocol rules must be followed In the manner by 
which the secondary station places Itself on-loop (connects 
ItS transmitter output to the loop), goes active on the loop 
(starts transmitting ItS own station's data on the loop), and 
goes off the loop (disconnects its transmitter outputl. Other­
wise loop data to other stations down loop would be in­
terfered The data stream always flows the same way and 
the order In which secondary terminals are serViced IS deter­
mined by the hardware configuratIOn. The primary controller 
times the delay through the loop. Should it exceed n + , bit 
times, where n IS the number of secondary terminals on the 
loop, It Will Indicate a loop failure. Control is transferred to a 
secondary by transmitting a "Go Ahead" signal follOWing the 
clOSing Flag of a polling frame (request for a response from 
the secondary) from the primary station. The "Go Ahead" 
from the primary IS a "0" and seven ""s" followed by mark 
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FIGURE 98 - TYP!CAL LOOP CONFIGURATION 

Primery 
Controller 
(Non-loop) 

"Poll Frame" + "Secondary 
Station Frames" + "11111111 ..... 

Secondary Stations (A,S,C,D) 
Operate In Loop Mode 

FIGURE 9b - EXAMPLE OF EXTERNAL LOOP LOGIC 

ADLC r----------------, 
....---------...;,.1-< UP.Loop Data 

RxD 

TxD 

LOC 

I 
I 
I 
I 
I 

Gate 8 I 

Down Loop Data 

L _________ _ I ______ -1 

Idling. The primary can abort ItS response request by inter­
rupting Its Idle with flags. The secondary should Immediately 
stop transmission and return control back to the primary. 
When the secondary completes Its frame, a closing flag is 
transmitted followed by all ""s" The primary detects the 
final 0""'" . ("Go Ahead" to the primary) and control IS 
given back to the primary. Note that, If a down-loop secon­
dary (e.g., station D) needs to Insert information following 
an up-loop station (e g., station A), the go ahead to station 
D is the last "0" of the clOSing flag from station A followed 
by""s". 

The ADLC In the primary station should operate In a non­
loop full-duplex mode The ADLC In the secondaries should 
operate In a loop mode, monitOring up-loop data on ItS 
receiver data Input. The ADLC can recognize the necessary 
sequences In the data stream to automatically go on/off the 
loop and to Insert ItS own station data. The proc.edure IS the 
following and is summarized In Table ,. 

(1) Go On-Loop - When the ADLC powers up, the ter­
minal station will be off line The first task is to become an 
active terminal on the loop. The ADLC must be connected to 
a Loop Link via an external SWitch as shown In Figure 9a. 
After a hardware reset, the ADLC LOC/DTR Output will be 
In the high state and the up-loop receive data repeated 

through gate A to the down Loop stations. Any Up-Loop 
transmission will be received by the ADLC. The Loop 
Mode/Non-Loop Mode Control bit (bit 5 In Control Register 
3) must be set to place the ADLC In the Loop Mode. The 
ADLC now monitors ItS Rx Data Input for a string of seven 
consecutive ""s" which will allow a station to go on line. 
The Loop operation may be monitored by use of the Loop 
Status bit In Status Register ,. After power up and reset, this 
bit IS a zero. When seven consecutive ""s" are received by 
the ADLC the LOC/DTR output will go to a low level, disabl­
Ing gate A (refer to Figure 9b), enabling gate B and connec­
ting the ADLC Tx Data output to the down Loop stations. 
The up Loop data IS now repeated to the down Loop stations 
via the ADLC. A '-blt delay IS Inserted in the data (In NRZI 
mode, there will be a 2-blt delay) as It Circulates through the 
ADLC The ADLC IS now on-line and the Loop Status bit in 
Status Register' will be at a one. 

(2) Go Active after Poll - The receiver section will mOnitor 
the up-link data for a general or addressed poll command 
and the Tx FIFO should be loaded With data so that when the 
go ahead sequence of a zero followed by seven ""s" 
(011""'---) IS detected, transmission can be Initiated Im­
mediately. When the polling frame IS detected, the Go­
Active-an-Poll control bit must be set (bit 6 In Control 
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TABLE 1 - SUMMARY OF LOOP MODE OPERATION 

STATE AX SECTION 

OFF·LOOP Ax section receives data from loop and searchel 
for 7 .. 1· ... (when On·Loop Control bit let) to go 
ON·LOOP. 

ON·LOOP 1) When Go·Actlve on poll bit Is set. Ax section 
searches for 01111111 pettern (the EOP or 'Go 
Ahead') to become the active terminal on the 
loop. 

2) When On· Loop control bit Is reset. Rx section 
searches for 8 "1's" to go OFF·Loop. 

ACTIVE Ax section searches for flag (an Interrupt from the 
loop controller) at Ax data Input. Aecelved flag 
caules F D output to go low. I AQ is generated If 
AlE and FDSE control bits are set. 

Register 3), A maximum of seven bit times are available to 
set thiS control bit after the clOSing flag of the poll When the 
Go-Ahead IS detected by the receiver. the ADLC will 
automatically change the seventh one to a zero so that the 
repeated sequence out gate B In Figure 9b IS now an opening 
flag sequence (0"11" ,m. Transmission now continues 
from the Tx FIFO With data (address. control. etc.! as 
previously deSCribed. When the ADLC has gone actlve-on­
poll, the Loop Status bit In Status Register' Will go to a 
zero. The receiver searches for a flag. which indicates that 
the primary station is Interrupting the current operation. 

(3) Go Inactive when On-Loop - The Go-Active-On-Poll 
control bit may be KI::~1:: I at any time dUring transmission. 
When the frame IS complete (the clOSing Flag or abort is 
transmitted). the Loop IS automatically released and the sta­
tion reverts back to being lust a '-blt delay In the Loop. 
repeating up-link data. If the Go-Active-On-Poll control bit IS 
not reset by software and the final frame IS transmitted 
(Flag/ Mark Idle bit = 0). then the transmitter Will mark Idle 
and Will not release the loop to up-loop data. A Tx Abort 
command would have to be used In thiS case In order to go 
inactive when on the loop. Also. If the Tx FIFO was not 
preloaded With data (address. control. etc.) prior to chang­
Ing the "Go Ahead Character" to a Flag. the ADLC will either 
transmit flags (active idle character) until data IS loaded 
(when Flag/Mark Idle Control bit IS high) or Will go Into an 
underrun condition and transmit an Abort (when Flag/Mark 
Idle control bit IS low). When an abort IS transmitted. the Go­
Active-on-Poll control bit IS reset automatically and the 
ADLC reverts to ItS repeating mode. (TxD = delayed RxDI. 
When the ADLC transmitter lets go of the loop. the Loop 
Status bit Will return to a"'''. indicating normal on-loop 
retransmission of up-loop data 

TX SECTION LOOP 
STATUS BIT 

Inactive "0" 
1) NAZ MODE. Tx data output Is maintained 

"high" (mark). 
2) NAZI MODE. Tx data output reflects tha Ax 

data Input state delayad by one 
bit tlma. (Not normally can· 
nected to loop.) The NAZI data 
Is Internally decoded to provide 
error·free transitions to On·Loop 
mode. 

Inactive "1" 
1) NAZ MODE. Tx data output reflects Ax data 

Input state delayed one bit time. 
2) NAZI MODE. Tx data output reflects Ax data 

Input state delayed 2 bit times. 

Tx data originates within ADLC until Go Active on "0" 
Poll bit Is reset and a flag or Abort IS completed. 
Then returns to ON·Loop state. 

(4) Go Off-Loop - The ADLC can drop off the Loop (go 
off-line) Similar to the way it went on-line When the Loop 
On-Line control bit IS reset the ADLC receiver section looks 
for eight successive ""s" before allOWing the LOC/DTR out­
put to return high (the Inactive state) Gate A In Figure 9b 
will be enabled and gate B disabled allOWing the loop to 
maintain continuity Without disturbance. The Loop Status 
bit Will show an off-line condition (logical zero) 

SIGNAL DESCRIPTIONS 

All inputs of ADLC are high-Impedance and TTL­
compatible level Inputs. All outputs of the ADLC are com­
patible With standard TTl. Interrupt Request (IRQ). 
however. is an open-drain output (no Internal pullup). 

INTERFACE FOR MPU 

Bidirectional Data Bus (00-07) - These data bus I/O 
ports allow the data transfer between ADLC and system bus. 
The data bus drivers are three-state deVices that remain In 
the high-impedance (off) state except when the MPU per­
forms an ADLC read operation. 

Enable Clock (E) - E activates the address inputs (CS. 
RSO. and RS') and R/Winput and enables the data transfer 
on the data bus. E also moves data through the Tx FIFO and 
Rx FIFO. E should be a free·runnlng clock such as the 
M C6800 M PU system clock 

Chip Select (CS) - An ADLC read or write operation is 
enabled only when the ~ Input is low and the E clock input 
IS high. (E.~) 
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Register Selects (RSO, RS1) - When the Register Select 
inputs are enabled by (E.CS), they select Internal registers In 
conjunction with the Read/Wnte Input and Address Control 
bit (control register " bit 01. Register addressing IS defined In 
Table 2. 

Read/Write Control Line (R/W) - The R/W Input con­
trols the direction of data flow on the data bus when It IS 
enabled by (E·CSI. When R/W IS high, the I/O Buffer acts 
as an output dnver and as an Input buffer when low. It also 
selects the Read Only and Wnte Only registers within the 
AOLC. 

Reset Input (RESET) The RESET Input provides a 
means of resetting the AOLC from a hardware source. In the 
"low state," the RESET Input causes the follOWing 

"Rx Reset and Tx Reset are SET causing both the Receiv­
er and Transmitter sections to be held In a reset condi­
tion 

"Resets the follOWing control bits: Transmit Abort, RTS, 
Loop Mode, and Loop On-Llne/OTR. 

"Clears all stored status condition of the status registers. 
"Outputs. RTS and LOC/OTR go high. TxO goes to the 
mark state (,'1's" are transmitted). 

When RESET returns "high" (the Inactive state) the 
transmitter and receiver sections Will remain In the reset state 
until Tx Reset and Rx Reset are cleared via the data bus 
under software control. The Control Register bits affected by 
RESET cannot be changed when RESET IS "low." 

Interrupt Request Output (IRQ) - IRO will be low If an in­
terrupt situation eXists and the appropriate Interrupt enable 
has been set. The Interrupt remains as long as the cause for 
the Interrupt IS present and the enable IS set IRO Will be low 
as long as the IRO status bit IS set and is high If the IRO 
status bit IS not set. 

CLOCK AND DATA OF TRANSMITTER AND RECEIVER 

Transmitter Clock Input (TxC) - The transmitter shifts 
data on the negative tranSition of the TxC clock input When 
the Loop Mode or Test Mode IS selected, TxC should be the 
same frequency and phase as the RxC clock. The data rate of 
the transmitter should not exceed the E frequency. 

Receiver Clock Input (RxC) - The receiver samples the 
data on the positive transition of the RxC clock RxC should 
be synchronized With receive data externally 

Transmit Data Output (TxD) - The senal data from the 
transmitter IS coded In NRZ or NRZI (Zero Complement) data 
format. 

Receiver Data Input (RxD) - The senal data to be re­
ceived by the AOLC can be coded In NRZ or NRZI (Zero 
Complement) data format The data rate of the receiver 
should not exceed the E frequency If a partial byte reception 
is pOSSible at the end of a frame, the maximum data rate of 
the receiver IS indicated by the follOWing relationship 

fRxC:S ---'----
2tE+300 ns 

where tE IS the pen ad of E 
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PERIPHERAL/MODEM CONTROL 

Request-to-Send Output (RTS) - The Request-to-Send 
output is controlled by the Request-to-Send control bit in 
conjunction with the state of the transmitter section. When 
the RTS bit goes high, the RTS output IS forced low. When 
the RTS bit returns low, the RTS output remains low until 
the end of the frame and there IS no further data In the Tx 
FIFO for a new frame. The positive transition of RTS occurs 
after the completion of a Flag, an Abort, or when the RTS 
control bit IS reset dunn~ mark Idling state When the 
RESET Input IS low, the RTS output goes high 

Clear-to-Send Input (CTS) - The CTS Input proVides a 
real-time inhibit to the TORA status bit and ItS associated in­
terrupt. The positive tranSition of CTS IS stored Within the 
AOLC to ensure ItS occurrence Will be acknowledged by the 
system. The stored CTS information and ItS associated IRO 
(If enabled) are cleared by wntlng a "'" In the Clear Tx 
Status bit or In the Transmitter Reset bit 

Data-Carrier-Detect Input (DCD) -The OCO Input pro­
Vides a real-time inhibit to the receiver section. A high level 
on the OCO Input resets and inhibits the receiver register, 
but data In the Rx FIFO from a prevIous frame IS not disturb­
ed. The positive transition of OCO IS stored Within the AOLC 
to ensure that ItS occurrence Will be acknowledged by the 
system. The stored OCO information and ItS associated IRO 
lif enabled) are cleared by means of the Clear Rx Status Con­
trol bit or by the Rx Reset bit. 

Loop On-Line Control/Data Terminal Ready Output 
(LOC/DTR) - The LOC/OTR output serves as a OTR out­
put In the non-loop mode or as a Loop Control output In the 
loop mode. When LOC/OTR output performs the OTR func­
tion, It IS turned on and off by means of the LOC/OTR con­
trol bit When the LOC/OTR control bit IS high the OTR out­
put Will be low In the loop mode the LOC/OTR output pro­
Vides the means of controlling the external loop Interface 
hardware to go On-line or Off-line. When the LOC/OTR con­
trol bit IS SET and the loop has "Idled" for 7 bit times or more 
(RxO=O'lllll1...), the LOC/OTR output Will go low (on­
line) The RESET Input being low Will cause the LOC/OTR 
output to be high. 

Flag Detect Output (FD) - An output to indicate the 
reception of a flag and initiate an external time-out counter 
for the loop mode operation The FO output goes low for 1 
bit time beginning at the last bit of the flag character, as 
sampled by the receiver clock (RxCl. 

DMA INTERFACE 

Receiver Data Service Request Output (RDSR) - The 
ROSR Output IS prOVided pnmanly for use in OMA Mode 
operation and indicates (when high) that the Rx FIFO re­
quests service (RSOR output reflects the ROA status bit 
regardless of the state of the ROSR mode control bit In 
CRll. If the pnontlzed Status Mode IS selected, ROSR Will 
be inhibited when any other receiver status conditions are 
present ROSR goes low when the Rx FIFO is read. 
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Transmitter Data Service Request Output (TDSR) - The 
TDSR Output is provided for DMA mode operation and In­
dicates (when high) that the Tx FIFO request service 
regardless of the state of the TDSR Mode Control bit In CR1. 
TDSR goes low when the Tx FIFO IS loaded. TDSR is in­
hibited by: the Tx RS control bit being SET, RESET being 
low, or CTS being high. If the pnorltlzed status mode is us­
ed, Tx Underrun also inhibits TDSR. TDSR reflects the 
TDRA status bit except in the FC mode. In the FC mode the 
TDSR line is inhibited. 

ADLC REGISTERS 

Eight registers in the ADLC can be accessed by means of 
the MPU data and address buses. The registers are defined 
as read-only or write-only according to the direction of Infor~ 
matlOn flow. The addresses of these registers are defined In 
Table 2. The transitter FIFO register can be accessed by two 
different addresses, the "Frame Terminate" address and the 
"Frame Continue" address. (The function of these addresses 
are discussed in the FI FO sectIOn.) 

TABLE 2 - REGISTER ADDRESSING 

Address 
Control Bit 

Register Selected RiW RSl RSO (Cl bO) 

Write Control Register #1 0 0 0 X 

Write Control Register #2 0 0 1 0 

Write Control Register #3 0 0 1 1 

Write Transmit FIFO 0 1 0 X 

(Frame Continue) 

Write Transmit FIFO 0 1 1 0 

(Frame Terminate) 

Write Control Register #4 0 1 1 1 

Read Status Register #1 1 0 0 X 

Read Status Register #2 1 0 1 X 

Read Receiver FIFO 1 1 X X 

RECEIVER DATA FIRST-IN FIRST-OUT REGISTER 

Rx FIFO - The Rx FIFO consists of three 8-blt registers 
which are used for the buffer storage of received data Data 
bytes are always transferred from a full register to an adJa­
cent empty register; and both phases of the E Input clock are 

used for the data transfer. Each register has pointer bits 
which point the frame boundary. When these pOinters ap­
pear at the last FIFO location, they update the Address Pre­
sent, Frame Valid, or FCS/IF Error status bits. 

The RDA status bit indicates the state of the Rx FIFO. 
When R DA status bit IS "1", the Rx FI FO IS ready to be read. 
The RDA status is controlled by the 2-Byte/1-Byte control 
bit When overrun occurs, the data In the first byte of the Rx 
FIFO are not longer valid 

Both the Rx Reset bit and RESET Input clear the Rx FIFO 
Abort ("in Frame") and a high level on the DCD Input also 
clears the Rx FIFO, but the last bytes of the prevIous frame, 
which are separated by the frame boundary pOinter, are not 
disturbed. 

TRANSMITIER DATA FIRST-IN FIRST-OUT REGISTER 

Tx FIFO - The Tx FIFO consists of three 8-blt registers 
which are used for buffer storage of data to be transmitted 
Data IS always transferred from a full register to an empty ad­
jacent register, the transfer occurs on both phases of the E 
Input clock The Tx FIFO can be addressed by two different 
register addresses, the "Frame Continue" address and the 
"Frame Terminate" address Each register has pOinter bits 
which POint to the frame boundary. When a data byte IS wnt­
ten at the "Frame Continue" address, the pOinter of the first 
FIFO register IS set When a data byte IS wntten at the 
"Frame Terminate" address, the pOinter of tile first FIFO 
register IS reset Rx RS control bit or Tx Abort control bit 
resets all pOinters The pOinter Will shift through the FIFO 
When a POSitive transition IS detected at the third location of 
FIFO, the transmitter initiates a frame With an open flag 
When the negative transition IS detected at the third location 
of FIFO, the transmitter closes a frame, appending the FCS 
and clOSing Flag to the last byte 

The Tx last control bit can be used Instead of uSing the 
"Frame Term,:late" address When the Tx last control bit IS 
set With a "1", the logiC searches the last byte location In the 
FIFO and resets the pOinter In the FIFO register 

The status of Tx FIFO IS indicated by the TDRA status bit 
When TDRA IS "1", the Tx FIFO IS available for loading data 
The TDRA status IS controlled by the 2-Bytel 1-Byte control 
bit The Tx FIFO IS reset by both Tx Reset and RESET Input 
Dunng thiS reset condition or when CTS Input IS high, the 
TDRA status bit is suppressed and data loading IS inhibited 
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RSl RSO = 00 

Bit # Status Register #1 

0 RDA 

~ 1 Status #2 
Read Request g. 

2 Loop c:: 
> 3 Flag Detected i: 
0 (When Enabled) 

~ 4 CTS 
c:: 5 Tx Underrun 

6 TDRA/Frame 
Complete 

7 IRQ Present 

Control Register #1 

Bit == 

0 Address Control (AC) 

QI 

ti 1 Receiver Interrupt 
~ Enable (RIE) 
c:: 
> 2 Transmitter Interrupt 
i: Enable (TI E) 
0 
QI 3 RDSR Mode (DMA) 

:: 
4 TDSR Mode (DMA) 

5 Rx Frame 
Discontinue 

6 Rx RESET 

7 Tx RESET 

MC6854 

ADLC INTERNAL REGISTER STRUCTURE 

RSl RSO = 01 RSl RSO = 10 

Receiver Data 
Status Register #2 Register 

Address Present Bit 0 

Frame Valid Bit 1 

Inactive Idle Received Bit 2 

Abort Received Bit 3 

FCS Error Bit 4 

DCD Bit 5 

Rx Overrun Bit 6 

RDA (Receiver Data Available) Bit 7 

Transmitter 
Data 

Control Register #2 Control Register #3 (Continue Data) 

(ClbO = 0) (ClbO = 1) 

Prioritized Status Logical Control Bit 0 
Enable Field Select 

2 Byte/l Byte Extended Control Bit 1 
Transfer Field Select 

Flag/Mark Idle Auto, Address Bit 2 
Extension Mode 

Frame Complete/ 01/11 Idle Bit 3 
TDRA Select 

Transmit Last Data F lag Detected Bit 4 
Status Enable 

CLR Rx Status Loop/Non-Loop Mode Bit 5 

CLR Tx Status Go Active on Poll/Test Bit 6 

RTS Control Loop On-Line Bit 7 
Control DTR 
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RSl RSO = 11 

Same as RS1, RSO = 10 

Transmitter i 
Data I 

(Last Data) Control Register #4 
(ClbO = 0) (ClbO = 1) 

Bit 0 Double Flag/Single 
Flag Interframe 
Control 

Bit 1 Word Length Select 
Transmit #1 

Bit 2 Word Length Select 
Transmit #2 

Bit 3 Word Length Select 
Receive #1 

Bit 4 Word Length Select 
Receive #2 

Bit 5 Transmit Abort 

Bit 6 Abort Extend 

Bit 7 NRZI/NRZ 
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CONTROL REGISTERS 

CONTROL REGISTER 1 (CR1) 

7 6 5 4 3 2 1 0 

RSl 

o 
RSO 

o 
R/W AC 

o X 

TxRS RxRS Discontinue TDSR RDSR TIE RIE AC 

bO - Address Control (AC) - AC provides another RS 
(Register Select) signal internally. The AC bit is used In con­
Junction with RSO, RS 1, and R/W Inputs to select particular 
registers, as shown in Table 2. 

bl Receiver Interrupt Enable (RIE) RIE 
enables/disables the Interrupt request caused by the receiver 
section. 1.. enable, 0 ... dlsable. 

b2 - Transmitter Interrupt Eanble (TIE) TIE 
enables/ disables the Interrupt request caused by the 
transmitter. 1...enable, 0 ... dlsable. 

b3 - Receiver Data Service Request Mode (RDSR 
MODE) - The RDSR MODE bit provides the capability of 
operation with a bus system In the DMA mode when used In 
conjunction with the Prioritized status mode. When RDSR 
MODE IS set, an interrupt request caused by RDA status IS 
inhibited, and the ADLC does not request data transfer via 
th::: IF1Q output 

b4 - Transmitter Data Service Request Mode (TDSR 
MODE) - The TDSR MODE bit proVides the capability of 
operation With a bus system In the DMA mode when used In 
conjunction with the Prioritized status mode. When TDSR 
MODE IS set, an interrupt request caused by TDRA status IS 
Inhibited, and the ADLC does oot request a data transfer via 
the IRQ output. 

Mode Mode 

b5 - Rx Frame Discontinue (DISCONTINUE) - When 
the DISCONTINUE bit is set, the currently received frame IS 
ignored and the ADLC discards the data of the current 
frame. The DISCONTINUE bit only discontinues the current­
ly received frame and has no affect on subsequent frames, 
even If a following frame has entered the receiver section 
The DISCONTINUE bit IS automatically reset when the last 
byte of the frame IS discarded When the Ignored frame IS 
aborted by receiving an Abort or DCD failure, the DISCON­
TINUE bit IS also reset 

b6 - Receiver Reset (Ax RS) - When the Rx RS bit IS 
"1", the receiver section stays In the reset condition. All 
reclever sections, including the Rx FIFO register and the 
receiver status bits In both status registers, are reset. (During 
reset, the stored DCD status IS reset but the DCD status bit 
follows the DCD input.) Rx R S IS set by forCing a low level on 
the RESET Input or by writing a "1" Into the bit from the 
data bus Rx R S must be reset by writing a "0" from the data 
bu~ ofter fl'ESET hu~ gane high 

b7 - Transmitter Reset (Tx RS) - When the Tx RS bit IS 
"1", the transmitter section stays In the reset condition and 
transmits marks ("1's"). All transmitter sections, including 
the Tx FIFO and the transmitter status bitS, are reset (FIFO 
cannot be loaded) DUring reset, the stored CTS status IS 
reset but the CTS status bit follows the CTS Input. Tx RS IS 
set by forCing a low level on the RESET Input or by writing a 
"1" from the data bus. It must be reset by writing a "0" after 
RESET has gone high. 
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CONTROL REGISTER 2 (CR2) 

7 6 

RS1 RSO R/w AC RTS ClR 

o o o TxST 

bO - Prioritized Status Enable (PSE) - When the PSE bit 
IS SET, the status bits In both status registers are prioritized 
as defined In the Status Register section When PSE IS low, 
the status bits Indicate current status without bit suppression 
by other status bits. The exception to this rule IS the CTS 
status bit which always supresses the TORA status. 

b1 - 2-Byte/1-Byte Transfer (2/1 Byte) - When the 2/1 
Byte bit IS RESET the TORA and ROA status bits then will In­
dlcate the availability of their respective data FIFO registers 
for a single-byte data transfer Similarly, If 211 Byte IS set, 
the TORA and ROA status bit indicate when two bytes of 
data can be moved without a second status read. 

b2 - Flag/Mark Idle Select (F/M Idle) - The F/M Idle bit 
selects Flag characters or bit-by-blt Mark Idle for the time fill 
or the Idle state of the transmitter. When Mark Idle IS 
selected, Go-Ahead code can be generated for loop opera­
tIOn In conjunction with the 01 111 Idle control bit (C3b3) 
1 .Flag time fill, O ... Mark Idle 

b3 - Frame Complete/TORA Select (FC/TORA 
Select) - The FCITORA Select bit selects TORA status or 
FC status for the TORA/FC status bit indicatIOn. 1 .FC 
status, 0 TORA status. 

b4 - Transmit last Data (Tx last) - Tx last bit provides 
another method to terminate a frame. ThiS bit should be set 

5 4 3 2 1 0 

ClR Tx FC/TORA F/M 2/1 PSE 

RxST last Select Idle Byte 

after loading the last data byte and before the Tx FIFO emp­
ties. When the Tx Last bit IS set, the AOLC assumes the byte 
IS the last byte and terminates the frame by appending CRCC 
and a clOSing Flag ThiS control bit IS useful for OMA opera­
tIOn Tx Last bit automatically returns to the "0" state. 

b5 - Clear Receiver Status (ClR Rx ST) - When a "1" IS 
written into the CLR Rx ST bit, a reset signal IS generated for 
the receiver status bits In status registers #1 and #2 (except 
AP and ROA bltsl. The reset signal IS enabled only for the 
bits which have been present dUring the last "read status" 
operation. The CLR Rx ST bit automatically returns to the 
"0" state 

b6 - Clear Transmitter Status (ClR Tx ST) - When a 
"1" IS written Into CLR Tx ST bit, a reset signal IS generated 
for the transmitter status bits In status register #1 (except 
TDRAI The reset signal IS enabled for the bits which have 
been present dUring the last "read status" operation. The 
CLR Tx ST bit automatically returns to the "0" state 

b7 - Request-to-Send Control (RTS) - The RTS bit, 
when high, causes the RTS output to be low (the active 
statel. When the RTS bit returns low and data IS being 
transmitted, the RTS output remains low until the last 
character of the frame (the clOSing Flag or Abortl has been 
completed and the Tx FIFO IS empty. If the transmitter IS Idl­
Ing when the RTS bit returns low, the RTS output Will go 
high (the inactive statel Within two bit times. 
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CONTROL REGISTER 3 (CR3) 

7 6 

RSl RSO R/Iii AC LOCI GAPI 

a 1 0 DTR TST 

bO - Logical Control Field Select (LCF) - The LCF select 
bit causes the first byte(s) of data belonging to the informa­
tIOn field to remain S-blt characters until the logical control 
field is complete. The logical control field (when selected) IS 
an automatically extendable field which IS extended when bit 
7 of a logical control character IS a "'." When the LCF Select 
bit is reset the AOLC assumes no logical control field IS pre­
sent for either the transmit or received data channels When 
the logical control field IS terminated, the word length of the 
Information data IS then defined by WLSl and WLS2. 

b1 - Extended Control Field Select (CEX) - When the 
CEX bit is a "1", the control field IS extended and asusmed to 
be 16 bits. When CEX is "0", the control field IS assumed to 
be S bits. 

b2 - Auto/Address Extend Mode (AEX) - The AEX bit 
when "low" allows fullS bits of the address octet to be utiliZ­
ed for addressing because address extension is Inhibited. 
When the AEX bit IS "high," bit a of address octet equal to 
"a" causes the Address field to be extended by one octet. 
The exception to thiS automatic address field extension IS 
when the first address octet is all "O's" (the Null Address). 

b3 - 01/11 Idle (01/11 Idle) - The 01/'1 Idle Control bit 
determines whether the inactive (Mark) Idle conditIOn begins 
with a "a" or not. If the 01 / 11 Idle Control IS SET, the clOSing 
flag (or Abort) will be followed by a 011111...pattern. This IS 
required of the controller for the "Go Ahead" character in 
the Loop Mode. When 01/11 is RES ET, the Idling condition 
will be all "l's". 

b4 - Flag Detect Status Enable (FDSE) - The FDSE bit 
enables the FO status bit in Status Register #1 to indicate the 
occurrence of a received Flag character. The status Indica­
tion will be accompanied by an interrupt If RIE is SET Flag 

5 4 3 2 1 0 

Loop FDSE 01/11 AEX CEX LCF 

Idle 

detection will cause the Flag Oetect output to go low for' bit 
time regardless of the state of FDSE 

b5 - LOOPINON-LOOP Mode (LOOP) - When the 
LOOP bit IS set. loop mode operation IS selected and the 
GAP/TST control bit, LOC/OTR control bit and LOC/OTR 
output are selected to perform the loop control functions 
When LOOP IS reset, the AOLC operates In the pOlnt-to­
point data communications mode 

b6 - Go Active On Poll/Test (GAP/TST) - In the Loop 
Mode - The GAP/TST bit is used to respond to the poll se­
quence and to begin transmisSion When GAP/TST IS set. 
the receiver searches for the "Go Ahead" (or End of Poll, 
EOP) The receiver "Go ahead" IS converted to an opening 
Flag and the ADLC starts ItS own transmission. When 
GAP/TST IS reset dUring the transmission, the end of the 
frame (the completion of Flag or Abort) causes the termina­
tion of the "go-actlve-on-poll" operation and the Rx Oata to 
Tx Data link IS re-established. The AOLC then returns to the 
"Ioop-on-line" state. 

In the Non-Loop Mode - The GAP/TST bit IS used for 
self-test purposes If GAP/TST bit IS set. the TxO output IS 
connected to the RxD Input Internillly, and provides il "Ioop­
back" feature. For normal operation, the GAP/TST bit 
should be reset. 

b7 - Loop On-Line Control/OTR Control (LOC/OTR) -
In the Loop Mode - The LOC/OTR bit IS used to go on-line 
or to go off-line. When LOC/OTR IS set. the ADLC goes to 
the on-line state after 7 consecutive ""s" occur at the RxO 
input. When LOC/OTR is reset, the ADLC goes to the "off­
line" state after eight consecutive ""s" occur at the RxO in­
put. 

In the Non-Loop Mode - The LOC/OTR bit directly con­
trols the Loop On-Llne/OTR output state. 1...DTR output 
goes to low level, 0 DTR output goes to high level. 
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CONTROL REGISTER 4 (CR4) 

7 6 

RS1 RSO R/W AC NRZI/NRZ ABTEX 

o 

bO - Double Flag/Single Flag Interframe Control 
("FF" /"F") - The "FF" /"F" Control bit determines 
whether the transmitter will transmit separate closing and 
opening Flags when frames are transmitted successively. 
When the "FF" I"F" control bit IS low, the closing flag of the 
first frame will serve as the opening flag of the second frame. 
When the bit IS high, Independent opening and closing flags 
will be transmitted 

b1, b2 - Transmitter Word Length Select (Tx WLS1 and 
WLS2) - Tx WLS1 and WLS2 are used to select the word 
length of the transmitter information field The encoding for­
mat IS shown In Table 3. 

b3, b4 - Receiver Word Length Select (Rx WLS1 and 
WLS2) - Rx WLS1 and WLS2 are used to select the word 
length of the receiver information field. The encoding format 
IS shown In Table 3. 

TABLE 3 - I-FIELD CHARACTER LENGTH SELECT 

WLS1 WLS2 I-Field Character Length 
0 0 5 bits 
1 0 6 bits 
0 1 7 bits 
1 1 8 bits 

b5 - Transmit Abort (ABT) - The ABT bit causes an 
Abort (at least 8 bits of "1" In succession) to be transmitted. 
The Abort IS Initiated and the Tx FIFO IS cleared when the 
control bit goes high. Once Abort begins, the Tx Abort con­
trol bit aSsumes the low state. 

b6 - Abort Extend (ABTEX) - If ABTEX IS set, the abort 
code Initiated by ABT IS extended up to at least 16 bits of 
consecutive "1's", the mark Idle State. 

b7 - NRZI (Zero ComplementllNRZ Select 
(NRZIINRZ) - NRZIINRZ bit selects the transmit/receive 
data format to be NRZI or NRZ In both Loop Mode or Non­
Loop mode operation. When the NRZI Mode IS selected, a 

MC6854 

5 4 I 3 2 I 1 0 

ABT Rx Tx "FF"/F 

WLS2 WLS1 WLS2 WLS1 

1-bIt delay IS added to the transmitted data (TxD) to allow for 
NRZI encoding 1 .. NRZI, O ... NRZ. 

NOTE 
NRZI coding - The serial data remains In the same 
state to send 'a binary "1" and sWitches to the op­
posite state to send a binary "0" 

STATUS REGISTER 

The Status Register '11s the main status register. The IRO 
bit indicates whether the ADLC requests service or not. The 
S2RO bit indicates whether any bits In status register #2 re­
quest any service. TDRA and RDA, because they are most 
often used, are located In bit pOSItIOns that are more conve­
nient to test. RDA reflects the state of the RDA bit In status 
register 12. 

The Status Register #2 provides the detailed status infor­
matIOn contained In the S2RO bit and these bits reflect 
receiver status. The FD bit IS the only receiver status which IS 
not indicated in status register 12. 

The PriOritized status mode provides maximum effiCiency 
In searching the status bits and indicates only the most Im­
portant action required to service the ADLC. The Priority 
trees of both status registers are provided In Figure 10. 

Reading the status register is a non-destructive process. 
The method of clearing status depends upon the bit's func­
tion and IS discussed for each bit In the register. 

FIGURE 10 - STATUS REGISTER PRIORITY TREE IPSE= 1) 

Decreasing 
Priority 

1 

(Tx) 

,,- CTS 
I .l-

./ TXU 
\ .l-
~ TDRA/FC 

·Prioritized even when PSE = 0 

SR #1 

(Rx) 

FD 
.l-

S2RC 
.l-

RDA 

SR#2 (Rx) 

ERR, FV, DCD, 
OVRN, Rx ABT 

.l-
Rx Idle 

.l-
AP 

.l-
RDA 

NOTE. Status bit above will inhibit one below it. 
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STATUS REGISTER 1 (SR1) 

7 6 

RS1 RSO R/W AC IRQ TDRA/FC 

o 0 X 

bO - Receiver Data Available (RDA) - The RDA status 
bit reflects the state of the RDA status bit In status register 
#2. It prOVides the means of achieVing data transfers of 
received data In the full Duplex Mode without haVing to read 
both status registers. 

b1 - Status Register #2 Read Request (S2RQ) - All the 
status bits (stored conditions) of status register #2 (except 
RDA bit) are logically ORed and indicated by the S2RO 
status bit. Therefore, S2RO indicates that status register #2 
needs to be read. When S2RO IS "0", It IS not necessary to 
read status register #2. The bit is cleared when the ap­
propriate bits In status register #2 are cleared or when Rx 
Reset IS used. 

b2 - Loop Status (LOOP) - The LOOP status bit IS used 
to monitor the loop operation of the ADLC This bit does not 
cause an IRO. When Non-Loop Mode IS selected, LOOP bit 
stays "0". When Loop Mode IS selected, the LOOP status bit 
goes to "1" dUring "On-Loop" conditIOn When ADLC is In 
an "Off-Loop" conditIOn or "Go-Active-On-Poll" conditIOn, 
the LOOP status bit IS a "0" 

b3 - Flag Detected (FD) - The FD Status bit indicates 
that a flag has been received If the Flag Detect Enable control 
bit has been set. The bit goes high at the last bit of the Flag 
Character received (when the Flag Detect Output goes low) 
and is stored until cleared by Clear Rx Status or Rx Reset 

b4 - Clear-to-Send (CTS) - The CTS Input positive tran­
sition is stored In the status register and causes an IRO (If 
Enabledl. The stored CTS conditIOn and ItS IRO are cleared 
by Clear Tx Status control bit or Tx Reset bit. After the 
stored status IS reset, the CTS status bit reflects the state of 
the CTS Input. 

5 4 3 2 1 0 

TXU CTS FD LOOP S2RQ RDA 

b5 - Transmitter Underrun (TxU) - When the transmIt­
ter runs out of data dUring a frame transmission, an underrun 
occurs and the frame IS automatically terminated by 
transmitting an Abort. The underrun condition IS indicated 
by the TxU status bit TxU can be cleared by means of the 
Clear Tx Status Control bit or by Tx Reset. 

b6 - Transmitter Data Register Available/ Frame Com­
plete (TDRA/FC) - The TDRA Status bit serves two pur­
poses depending upon the state of the Frame Com­
plete/TDRA Select control bit. When this bit serves as a 
TDRA status bit, It indicates that data (to be transmitted) 
can be loaded Into the Tx Data FIFO register The first 
register (Register #1) of the Tx Data FIFO being empty 
(TDRA= "''') Will be Indicated by the TDRA Status bit In the 
"1-Byte Transfer Mode." The first two registers (Registers 
#1 and #2) must be empty for TDRA to be high when In the 
"2-Byte Transfer Mode" TDRA IS Inhibited by Tx Reset, or 
CTS being high. 

When the Frame Complete Mode of oper8t1On IS selected, 
the TDRA/FC status bit goes high when an abort IS transmit­
ted or when a flag IS transmitted with no data In the Tx FIFO. 
The bit remains high until cleared by resetting the TDHA/FC 
control bit or setting the Tx Reset bit. 

b7 - Interrupt Request (IRQ) - The Interrupt Request 
status bit indicates when the iRO output is in the active state 
IIRO Output= "O"l. The IRO status bit IS subject to the same 
Interrupt enables (RIE, TIE) as the IRO output, Ie, with both 
transmitter and receiver interrupts enabled, the IRO status 
bit IS a logical ORed indication of Status Register 1 status 
bits. The IRO bit only reflects the set status bits which have 
Interrupts enabled. The IRO status bit simplifies status In­
qUiries for polling systems by providing single bit indicatIOn 
of service requests. 
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STATUS REGISTER 2 (SR2) 

7 6 

RS1 RSO R/W AC RDA OVRN 

o x 

bO - Address Present (AP) - The AP status bit provides 
the frame boundary and indicates an Address octet IS 
available In the Rx Data FIFO register. In the Extended Ad­
dressing Mode, the AP bit continues to indicate addresses 
until the Address field IS complete. The Address present 
status bit IS cleared by reading data or by Rx Reset. 

b1 - Frame Valid (FV) - The FV status bit provides the 
frame boundary Indication to the MPU and also indicates 
that a frame IS complete with no error. The FV status bit IS 
set when the last data byte of a frame IS transferred Into the 
last location of the Rx FIFO (available to be read by MPUl. 
Orce FV status IS set, the ADLC stops further data transfer 
Into the last location of the Rx FIFO (In order to prevent the 
mixing of two frames) until the status bit IS cleared by the 
Clear Rx Status bit or Rx Reset 

b2 - Inactive Idle Received (Rx Idle) - The Rx Idle status 
bit indicates that a minimum of 15 consecutive "1's" have 
been received The event IS stored within the status register 
and can cause an Interrupt. The Interrupt and stored condi­
tIOn are cleared by the Clear Rx Status Control bit The 
Status bit IS the Logical OR of the receiver Idling detector 
(which continues to reflect Idling until a "0" IS received) and 
the stored inactive Idle condition. 

b3 - Abort Received (RxABT) - The RxABT status bit 
Indicates that seven or more consecutive "1's" have been 
received Abort has no meaning under out-of-frame condi­
tions; therefore, no Interrupt nor storing of the status Will oc­
cur unless a Flag has been detected prior to the Abort. An 
Abort Received when "In frame" IS stored In the status 
register and causes an IRQ The status bit IS the logical OR of 
the stored conditIOns and the Rx Abort detect logic, which IS 
cleared after 15 consecutive "1's" have occurred. The stored 

5 

DCD 

4 3 2 1 0 

ERR Rx Rx FV AP 

ABT Idle 

Abort conditIOn IS cleared by the Clear Rx Status Control bit 
or Rx Reset 

b4 - Frame Check Sequence/ Invalid Frame Error 
(ERR) - When a frame IS complete with a cyclic redundancy 
check (CRC) error or a short frame error (the frame does not 
have complete Address and Control fields), the ERR status 
bit IS set Instead of the Frame Valid status bit. Other func­
tions, frame boundry indication and control function, are ex­
actly the same as for the Frame Valid status bit. Refer to the 
FV status bit. 

b5 - Data Carrier Detect (DCD) - A positive transItIOn 
on the DCD Input IS stored In the status register and causes 
an IRQ (If enabled) The stored DCD conditIOn and ItS IRQ 
are cleared by the Clear Rx Status Control bit or RX Reset. 
After stored status IS reset, the DCD status bit follows the 
state of the Input Both the stored OCD conditIOn and the 
DeD Input cause the reset of the receiver section when they 
are high 

b6 - Receiver Overrun (OVRN) - OVRN status indicates 
that receiver data has been transferred Into the Rx FIFO 
when It IS full, resulting In data loss The OVRN status IS 
cleared by the Clear R)( Status bit or Rx Reset Continued 
overrunning only destroys data In the first FIFO Register. 

b7 - Receiver Data Available (RDA) - The Receiver Data 
Available status bit indicates when receiver data can be read 
from the Rx Data FIFO. When the prioritized status mode IS 
used, the RDA bit indicates that non-address and non-last 
data are available In the Rx FIFO. The receiver data being 
present In the last register of the FIFO causes RDA to be high 
for the "l-Byte Transfer Mode." The RDA bit being high in­
dicates that the last two registers are full when In the "2-Byte 
Transfer Mode." The RDA status bit IS reset automatically 
when data IS not available. 
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PROGRAMMING CONSIDERATIONS 

1. Status Priority - When the prioritized status mode is us­
ed, It is best to test for the lowest Priority conditIOns first. 
The lowest priority conditions typically occur more fre­
quently and are the most likely conditions to eXist when 
the processor is Interrupted. 

2. Stored vs Present Status - Certain status bits (oCD, 
CTS, Rx Abort, and Rx Idle) indicate a status which is the 
logical OR of a stored and a present condition. It IS the 
stored status that causes an Interrupt and which IS 
cleared by a Status Clear control bit. After being cleared, 
the status register will reflect the present condition of an 
Input or a receiver Input sequence. 

3. Clearing Status Registers - In order to clear an Interrupt 
With the two Status Clear control bits, a particular status 
condition must be read before It can be cleared. In the 
prioritized mode, clearing a higher Priority condition 
might result In another iRQ caused by a lower priority 
condition whose status was suppressed when a status 
register was first read. This guarantees that a status con­
dition IS never Inadvertently cleared. 

4. Clearing the Rx FIFO - An Rx Reset will effectively clear 
the contents of all three Rx FIFO bytes However, the 
FIFO may contain data from two different frames when 
abort or DCD failure occurs. When thiS happens, the data 
from a previously closed frame (a frame whose closing 
flag has been received) will not be destroyed. 

5. Servicing the Rx FIFO in a 2-Byte Mode - The procedure 
for reading the last bytes of data IS the same, regardless of 
whether the frame contains an even or an odd number of 
bytes. Continue to read 2 bytes until an Interrupt cocurs 
that is caused by an end-of-frame status (FV or ERR) 
When thiS occurs, indicating the last byte either has been 
read or IS ready to be read, switch temporarily to the 
1-byte mode With no prioritIZed status (control register 2) 

Test RDA to Indicate whether a 1-byte read should be 
performed. Then clear the frame end status. 

6. Frame Complete Status and RTS Release - In many 
cases, a MODEM will require a delay for releasing RTS. 
An S-blt or 16-blt delay can be added to the ADlC RTS 
output by uSing an Abort. At the end of a transmission, 
frame complete status will indicate the frame completion. 
After frame complete status goes high, write "1" into the 
Abt control bit (and Abt Extend bit If a 16-blt delay IS re­
quired), After the Abt control bit IS set, write "0" Into the 
fITS control bit. The transmitter will transmit eight or SIX­
teen "1's" and the RTS output will then go high 
(Inactive). 

7. Note to users not using the MC6800 - (a) Care should be 
taken when performing a write followed by a read on suc­
cessive E pulses at a high frequency rate. Time must be 
allowed for status changes to occur. If thiS IS done, the 
time that E is low between successive wnte/read E pulses 
should be at least 500 ns. (b) The ADlC IS a completely 
static part. However, the E frequency should be high 
enough to move data through the FIFOs and to service 
the peripheral requirements. Also, the period between 
successive E pulses should be less than the period of RxC 
or TxC In order to maintain synchronization between the 
data bus and the peripherals 

8. Clear-to-Send (CTS) - The CTS Input, when high, pro­
Vides a real-time inhibit to the TDRA status bit and ItS 
associated Interrupt. All other status bits Will be opera­
tional. Since it inhibits TDRA, CTS also Inhlbts the TDSR 
DMA request. The CTS Input being high does not affect 
any other part of the transmitter Information in the Tx 
FIFO and Tx Shift Register Will, therefore, continue to be 
transmitted as long as the Tx ClK IS running. 

MECHANICAL DATA 

ORDERING INFORMATION 

Package Type Frequency (MHz) 

Cerdip 1.0 
S Suffix 1.0 

1.5 
1.5 
20 

Plastic 1.0 
P Suffix 1.0 

1.5 
1.5 
2.0 

Temperature Order Number 

O°C to 70°C MC6854S 
- 40°C to 85°C MC6854CS 

O°C to 70°C MC68A54S 
- 40°C to 85°C MC68A54CS 

O°C to 70°C MC68854S 

O°C to 70°C MC6854P 
- 40°C to 85°C MC6854CP 

O°C to 70°C MC68A54P 
- 40°C to 85°C MC68A54CP 

O°C to 70°C MC68854P 
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PIN ASSIGNMENT 

VSS CTS 

OCO 

LOC/~ 

Fi:AG"'DET 
roSR 

ROSR 

DO 

01 

02 

RSO 03 

04 

05 

06 

II VCC 07 
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General Purpose Interface Adapter 
The MC68488 GPIA provides the means to interface between the IEEE-488 standard Instrument 

bus and the M6800 MPU Family. The GPIB Instrument bus provides a means of controlling and 
moving data between Instruments connected to it. 

The MC68488 will automatically handle all handshake protocol needed on the instrument bus. 

• Single- or Dual-Primary Address Recognition 

• Secondary Address Capability (Talker or Listener) 

• Complete Source and Acceptor Handshakes 

• Programmable Interrupts 

• RFD Holdoff to Prevent Data Overrun 

• Operates with DMA Controller 

• Serlal- and Parallel-Polling Capability 

• Talk-Only or Listen-Only Capability 

• Selectable Automatic Features to Minimize Software 

• Synchronization Trigger Output 

• M6800 Bus Compatible 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Supply Voltage Vee -03 to + 70 V 

Input Voltage Vin -0.3 to + 70 V 

Operating Temperature Range TA o to + 70 °e 

Storage Temperature Range Tstg -55to +150 °e 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value Rating 

TilerrllJI ResI5tJIlCe IIJA CW 
eerdlp 60 
Plastic 100 

This device contains CIrcuitry to protect the 
Inputs against damage due to high static 
voltages or electric fields, however, It IS ad­
Vised that normal precautions be taken to 
aVOid application of any voltage higher than 
maximum rated voltages to this hlgh­
Impedance circuit Reliability of operation IS 
enhanced If unused Inputs are tied to an ap­
propriate logiC voltage Ie g , either VSS or 
Vee) 

This document contains information on a new product SpeCifications and information herein are subject to change without notice. 
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FIGURE 1 - GPIB INTERFACE 
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Note The four MC3448A quad bus transceivers can be replaced by two MC3447 octal bus transceivers 

DC ELECTRICAL CHARACTERISTICS (Vee= 50 Vdc ± 5%, VSS =0, TA =0 to 70 0 e unless otherwise noted) 

Characteristic Symbol Min Typ 

Input High Voltage VIH VSS + 2 U -

Input Low Voltage VIL VSS-03 -
Input Leakage Current (Vin = 0 to 5 25 V) lin - 10 

Three State (Off State) Input Current (Vin = 04 to 24 V) 00-07 ITS I - 20 

DC Output High Voltage ((load = - 205 p.A) 00-07 VOH VSS + 24 -

DC Output Low Voltage 
(I Load = 1 6mA) 00-07 VOL - ---
(I Load = 3 2mA) SRO,IRO - -

Output Leakage Current (Off State) (VOH = 24 V) SRO,IRO ILOH - 10 

Internal Power DISSipation PINT - 600 

Input Capacitance 
(Vln=O, TA=25°e,f=1 OMHz) 00-07 Cin - -

All Others - -

MOTOROLA MICROPROCESSOR DATA 

MPU MPU 
Control Address M PU 
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Max Unit 

Vce V 

VSS+08 V 

25 p.A 

10 p.A 

- V 

VSS+04 V 
VSS+O 4 

10 p.A 

750 mW 

125 pF 
75 
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FIGURE 2 - SOURCE AND ACCEPTOR HANDSHAKE 

(A TN = False) 

Data 
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I 

Data 
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ThiS diagram displays logical voltage levels on the MC68488 pins The 
MC68488 pins are labeled as the complement of the specified 488 bus 
callout. Ie. DAV rather than DAV RFD rather than NRFD and DAC 
rather than NDAC ThiS was done to stay with standard positive logiC 
format. which IS used with all M6800 family deVices 

POWER CONSIDERATIONS 

The average chip-Junction temperature. T J. In °c can be obtained from. 

T J = TA + (POeOJA) 
Where' 

T A!!! Ambient Temperature. °c 

0JA E Package Thermal ReSistance. Junctlon-to-Amblent. °C/W 

Po E PINT + PPORT 
PINT E ICC x VCC. Watts - Chip Internal Power 

PPORT E Port Power DISSipatIOn. Watts - User Determined 

I 
Data 

Tran.3fer 
Ends 

Acceptor 

(1) 

For most applications PPORTooC PINT and can be neglected PPORT may become significant If the deVice IS configured to 
drive Darlington bases or Sink LED loads. 

An approximate relationship between Po and T J (If PPORT IS neglected) IS 

PO=K+(TJ+273°C) 

SolVing equations 1 and 2 for K gives 

K = POe(TA + 273°C) +OJAePo 2 

(2) 

(3) 

Where K IS a constant pertaining to the particular part. K can be determined from equation 3 by measuring Po (at equilibrium) 
for a known T A USing thiS value of K the values of Po and T J can be obtained by solVing equations (1) and (2) Iteratively for any 
value of T A. 
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BUS TIMING (See Notes 1 2 and 3) 

Ident. 
Characteristics Symbol 

MC68488 MC68A488* MC68B488* Unit Number Min Max Min Max Min Max 

1 Cycle Time tcyC 10 10 067 10 05 10 P.s 
2 Pulse Width, E Low PWEL 430 9500 280 9500 210 9500 ns 
3 Pulse Width, E High PWEH 450 9500 280 9500 220 9500 ns 
4 Clcck Rise and Fall Time tr,tf - 25 - 25 - 20 ns 

9 Address Hold Time tAH 10 - 10 - 10 - ns 

13 Address Setup Time Before E tAS 80 - 60 - 40 - ns 

14 Chip Select Setup Time Before E tcs 80 - 60 - 40 - ns 

15 Chip Select Hold Time tCH 10 - 10 - 10 - ns 

18 Read Data Hold Time !IlliR 20 50" 20 50'· 20 50" ns 

21 Write Data Hold Time tDHW 10 - 10 - 10 - ns 

30 Output Data Delay Time tDDR - 290 - 180 - 150 ns 

31 Input Data Setup Time tDSW 165 - 80 - 60 - ns 

• See Table 1 for GPIB transceiver considerations when uSing MC68A488 or MC68B488 
··The data bus output buffers are no longer sourcing or sinking current by tDHR maximum (high-Impedance) 

FIGURE 3 - BUS TIMING 

E 

R/W, Address 

(Non-Muxedl ____ ~~~~)L~~~~------~~~~--_+~--------------------------------~~~~ 

Read Data MPU Read Data Non-Muxed 

Non-Muxed ----+-....oIf'" 

Write Data MPU Write Data Non-Muxed 

Non-Muxed ___ -+_~ 

NOTES 
1 Not all signals are applicable to every part 
2 Voltage levels shown are VLSO 8 V. VH2:2 4 V, unless otherWise specified 
3 Measurement POints shown are 0 8 V and 2 0 V, unless otherWise specified 
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FIGURE 4 - OUTPUT BUS TIMING 

Enable 

DAV, DAC, RFD, EOI. ATN __ -1-__ -1 

T /h T IR2 

TABLE 1 - AC TIME VALUES 

Characteristics Symbol· Typ Unit 

Settling Time for Multiple Message SH Tl ~2 ItS' • 

Response to ATN SH, AH, T, L t3 s200 ns 

Interface Message Accept Time; AH T3 >0 § 

Response to TrC or ritN False T, TE, L, LE t4 <100 I1S 

Response to ATN· EOI PP t5 s200 ns 

Time values specified by a lower case t mdlcate the maximum time allowed to make a state transition Time values specified by an upper 
case T mdlcate the minimum time that a funclon must remain In a state before exiting 

If three-state drivers are used on the DIO-DAV and Wilmes, Tl may be 
(1) ~l100ns 

(2) Or ~ 700 ns If It IS known that wlthm the controller A TN IS driven by a three-state driver 
(3) Or ~ 50Cl ns for all subsequent bytes followmg the first sent after each false transition of ATN [the first byte must be sent m accordance 

with (1) or (21) 

Time required for mterface functions to accept, not necessarily respond to mterface messages_ 

Implementation dependent 

When uSing an E clock of 1 5 MHz on the MC68A488, the GPIB data lines, DAV, and EOllines must have three-state drivers - See Note •• 

When uSing an E clock of 20 MHz on the MC68B488 the GPIB data lines, DAV, EOI. and ATN lines must have three-state drivers - See 
Note •• 

GENERAL DESCRIPTION 

The IEEE-488 Instrument bus standard IS a bit-parallel, 
byte-serial bus structure deSigned for communication to and 
from Intelligent Instruments USing thiS standard, many in­
struments may be Interconnected, remotely and 
automatically controlled, or programmed Data may be taken 
from, sent to, or transferred between Instruments A bus 
controller dictates the role of each deVice by making the 
attention line true and sending talk or listen addresses on the 
Instrument bus data lines, those deVices which have 
matching addresses are activated DeVice addresses are set 
Into each GPIA from SWitches or Jumpers on a PC board by a 
microprocessor as a part of the initialization sequence 

When the controller makes the attention line true, instru­
ment bus commands may also be sent to Single or multiple 
GPIAs 

Information IS transmitted on the Instrument bus data lines 
under sequential control of the three handshake lines No 

step In the sequence can be initiated until the prevIous step IS 
completed Information transfer can proceed as fast as the 
deVices can respond, but no faster than the slowest deVice 
presently addressed as active ThiS permits several deVices of 
different speeds to receive the same data concurrently_ 

The GPIA IS deSigned to work with standard 488-bus 
driver ICs (MC3447As or MC3448Asl to meet the complete 
electrical speCifications of the IEEE-488 bus Additionally, a 
powered-off Instrument may be powered-on without 
disturbing the 488 bus With some additional logic, the GPIA 
could be used with other microprocessors 

The MC68488 GPIA has been deSigned to Interface be­
tween the M6800 family microprocessor and the complex 
protocol of the IEEE-488 Instrument bus Many Instrument 
bus protocol functions are handled automatically by the 
GPIA and requ:re no additional MPU action Other functions 
require minimum MPU response due to a large number of in­
ternal registers conveYing information on the state of the 
GPIA and the Instrument bus 
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FIGURE 6 - GPIB SYSTEM 
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·Two MC3447A octal transceivers can be used In place of four MC3448As 
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PIN DESCRIPTION 

All Inputs to the GPIA are high Impedance and TTL com­
patible All outputs from the GPIA are compatible with stan­
dard TTL TAO (Interrupt Request) and SRO. however. are 
open-drain outputs (no Internal pullup) 

INTERFACE WITH MPU 

BIDIRECTIONAL DATA (00-07) - The bidirectional data 
lines allow the transfer of data between the MPU and GPIA 
The data bus output drivers are three-state devices that re­
main In the high-Impedance (off) state except when the MPU 
performs a GPIA read operation or the DMA controller per­
forms a memory write operation The Read/Write line IS high 
when the GPIA IS selected for a read operation 

CHIP SELECT (CS) - This Input signal IS used to select 
the GPIA. ~ must be low for selection of the device Chip 
Select decoding IS normally accomplished with external 
logic 

READ/WRITE INPUT (R/W) - This signal IS generated 
by the MPU or DMA controller to control register access and 
direction of data transfer on the data bus A low state on the 
GPIA Read/Write and DMA Grant lines allows for the selec­
tion of one of seven write-only relgsters when used In con­
junction with register select lines RSO. RS1. and RS2 A high 
state on the GPIA Read/Write and low state on the DMA 
Grant line allows for the selection of one of eight read-only 
registers when used In conjunction with register select lines 
RSO. RS1. and RS2. 

REGISTER SELECT (RSO, RS1, RS2) - The three register 
select Inputs are used to select the various registers inside 
the GPIA These three lines are used In conjunction with the 
Read/Write line to select a particular register that IS to be 
written or read Table 2 shows the register select coding 

INTERRUPT REQUEST (IRQ) - The IRO output goes to 
the common Interrupt bus line for the MPU This IS an open­
drain output which IS wlre-ORed to the IRQ bus line The IRO 
IS asserted low when an enable Interrupt occurs and stays 
low until the MPU reads the Interrupt status register 
Reading ROR Will reset IRQ to the high state 

TABLE 2 - REGISTER ACCESS 

RS2 RS1 RSO R/W Register Title 
Register 
Symbol 

0 0 0 1 Interrupt Status AOA 

0 0 0 0 Interrupt Mask AOW 

0 a 1 1 Command Status AlA 

0 a 1 0 Unused -
0 1 0 1 Address Status A2A 

0 1 0 0 Address Mode A2W 

0 1 1 1 AuxIliary Command A3A 

0 1 1 0 AuxIliary Command A3W 

1 0 0 1 Address SWitch' A4A 

1 a 0 0 Address A4W 

1 a 1 1 Serial Poll A5A 

1 0 1 0 Serial Poll A5W 

1 1 0 1 Command Pass· Through A6A 

1 1 0 0 Parallel Poll A6W 

1 1 1 1 Data In A7A 

1 1 1 0 Data Out A7W 

• External to M C68488 

RESET - The RESET input provides a means of re­
setting the GPIA from a hardware source. In the low 
state, the RESET input causes the following: 

• The Interrupt "Mask" register is reset; 
• All status conditions are reset; 
• The GPIA is placed in the UntalkiUnlisten state; 
• The Parallel Poll, Serial Poll, Data In, and Data Out 

registers are reset; 

• The Address register and Address mode register 
are cleared; 

• All stored conditions in the Auxiliary Command 
register except bit 7 are reset - (bit 7 is set); 

• T/R1, 2 will go to the low state. 

When RESET returns high (the Inactive state) the GPIA 
Will remain In the reset condition until the MPU writes bit 7 of 
the Auxiliary Command register (R3W) low Prior to the 
release of the software reset bit. the only register that can be 
accessed IS the Address register The conditions affected by 
the RESET pin cannot be changed while thiS Pin IS low 

E (ENABLE CLOCK) - E activates the address Inputs (CS. 
RSO. RS1. and RS2) and R/IN Input and enables data 
transfer on the MPU data bus It IS also used Internally as a 
state counter allOWing the device to change Interface states 
The E Input should be connected to a free-running clock 
source such as the MC6800 cJ>2 or the Enable Signal of other 
M6800 family MPUs 

GPIA/GPIB INTERFACE BUS SIGNALS 

The GPIA provides a set of eighteen Interface signal lines 
between the M6800 and the IEEE-488 Standard bus 

NOTE 

The IEEE-488 Standard defines these signals as 
negative logic In thiS document all MPU and MC68488 
signals are defined as POSitive logic 

SIGNAL LINES (lBO-IB7) - These bidirectional lines allow 
for the flow of 7-blt ASCII Interface messages and deVice 
dependent messages Data appears on these lines In a bit· 
parallel byte-senal form These lines are buffered by 
transceivers and applied to the IEEE·488 Standard bus 
10101-0108) 

BYTE TRANSFER LINES (DAC, RFD. DAV) - These 
lines allow for proper transfer of each data byte on the bus 
between sources and acceptors RFD goes passively high In· 
dlcatlng "Ready For Data" A source Will indicate the "data 
IS valid" by pulling DAV low Upon the receptIOn of valid 
data. DAC will go passively high Indicating that the "data 
has been accepted" by all acceptors The handshake lines 
have Internal pullup resistors 

BUS MANAGEMENT LINES (ATN. IFe, SRQ, EOI, 
REN) - These lines are used to manage an orderly flow of 
information across the Interface lines 

ATTENTION (ATN) - IS continuously monitored by the 
GPIA The deVice responds to any changes on thiS line In less 
than 200 ns by activating the transmlt/ receive control 
signals If the EOI line and ATN are low at the same time. 
GPIA will place the contents of a parallel poll register on the 
IEEE-488 Standard bus 
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INTERFACE CLEAR IIFC) - is used by a system con­
troller to put the GPIA In a known qUiescent state. The oc­
currence of IFe Will place the GPIA In the Listener/Talker Idle 
state (LIDS or TIDS) If the MC68488 IS In a Listener Active 
state with a byte of data In the Data-In register (BI bit set) an 
IFC will place the part In LIDS but Will not destroy the receiv­
ed byte nor the status indication (B II. Any Interface function 
that requires the deVice to be in either the Listener or Talker 
Active state (e g , a Serial Poll enable command) will be 
reset If an IFC occurs. A command that originates from the 
MPU (e g , to, 10, fget, hlda) will only be affected dUring the 
occurrence of an IFC (when IFC IS low) and Will return to ItS 
programmed state when IFC returns high, I.e., IFC Will not 
affect local messages For example If the GPIA IS In T ACS 
(Talker Active State) and has placed a byte In the Data-Out 
register It has made a new byte available (nba) If IFC occurs 
while the source handshake IS In SDYS, the talker function 
Will be returned to ItS Idle state but nba (a local message) will 
not be destroyed When the GPIA IS again made a talker, the 
byte In the Data-Out register (placed there before IFC) Will be 
placed onto the GPIB The address register IS not affected by 
an IFC 

SERVICE REQUEST (SRQ) - IS used to indicate a need 
for attention In addition to requesting an interruption In the 
current sequence of events ThiS Indicates to the controller 
that a deVice on the bus IS In need of service ThiS output 
becomes active low by setting the rsv bit (bit 6) of R5W ThiS 
line IS an open drain and an external pullup resistor (nominal 
3 3k ohm) must be used 

REMOTE ENABLE (REN) - IS used to select one of two 
alternate sources of deVice programming data - local and 
remote control When thiS Input IS low the GPIA IS enabled 
to move to the REMS state Note that REN being low IS a 
necessary but not a suffiCient condition for moving to 
REMS 

END OF IDENTIFY (EOI) - Serves a dual purpose When 
the GPIA IS In TACS and the MPU writes bit 5 or R3W (feod 
thiS Pin becomes an output and signals the en~of a 
multlbyte transfer If the system controller makes the EOlllne 
true In conjunction With A TN, the contents of the Parallel 
Poll register will be placed on the IEEE-488 Standard bus 

TRANSMIT/RECEIVE CONTROL SIGNALS IT/Rl, 
T / R2) - These two signals are used to control the quad or 
octal transceivers which drive the Interface bus It IS assum­
ed that transceivers equivalent to the MC3447 or MC3448A 
will be used where each transceiver has a separate 
Transmit/Receive control pin These PinS can support one 
TTL load each The outputs can then be grouped and the 
control for SRQ hardWired high to transmit The 
Transmlt/ Receive Inputs of REN, IFC, and ATN are hard­
Wired low to receive EOI IS controlled by T /R 1 through the 
MC34471MC3448A (or equivalents) allOWing It to transmit or 
receive T / R 1 operates exactly as T I R2 except dUring the 
parallel polling sequence DUring parallel poll, EOI will be 
made an Input by T IRl While DAV and IBO/IB711nes are out­
puts 

SPECIAL CONTROL SIGNALS 

DMA CONTROL LINES (DMA GRANT, DMA RE­
QUEST - The DMA request line IS used to signal a DMA 
controller that a data transfer IS pending. The DMA request 
line IS set high If either the BI or BO status bits are set In the 
Interrupt Status Register (ROR). The DMA request line IS 
cleared when the DMA Grant is true The DMA Grant line IS 
used to signal the GPIA that the DMA has control of the 
MPU data and address lines The DMA Grant, when set 
high, selects register 7. It also inhibits the RSO, RS1, and 
RS211nes. DUring thiS time the CS Input mus~e high. The 
DMA Grant also Inverts the function of the R/W line making 
It R/W. Thus, If the DMAC supplies a wnte function to a 
memory location, thiS same line Will perform a read of the 
GPIA (R7R) and vice versa. 

NOTE 
DMA GRANT MUST BE GROUNDED WHEN NOT IN 
USE 

TRIGGER OUTPUT (TRIG) - The TRIG pin prOVides an 
output corresponding to the GET and fget commands. A 
hardware or software reset places thiS output at a low level. 
The trigger output can be programmed high by either of two 
methods' 

1 Setting fget (bit 0 of R3W) by the MPU causes the 
tngger output to be set. It remains set until the fget bit 
IS programmed low or until a reset occurs 

2. The Tngger Output IS set upon reception of a GET 
command from the controller It IS reset when the 
GPIA moves out of DTAS (Device Trigger Active 
State), I e., when GET, LADS, or ACDS occur 

ADDRESS SWITCH ENABLE (ASE) - The ASE output IS 
used to enable three-state buffers that connect Instrument 
address SWitches to the MPU data bus ThiS output Pin IS 
pulsed low when the Address SWitch Register of the GPIA IS 
read (R4R), I.e , a read of R4R Will dnve the ASE line low for 
the E clock that IS used to read R4R. 

GPIB HANDSHAKE SEQUENCE 

The GPIB handshake line tranSitions are debounced InSide 
the GPIA With the E-clock to proVide a high degree of nOise 
Immunity Due to the asynchronous nature between the 
GPIB handshake line transitions and the Internal debounce 
circuit sampling, the time required for handshake completion 
can vary by 1 E clock cycle. 

LISTENER MODE - The handshake sequence beginS 
when the GPIA makes RFD true (Figure 8). A second byte 
cannot be transferred on the GPIB until the GPIA again 
makes RFD true for the next handshake The total time re­
qUIred by the GPIA to debounce all of the handshake lines In 
the appropriate time sequence IS 7-8 E clock cycles The 1 cy­
cle vanatlon IS due to the asynchronous nature of the GPIB 
With respect to the GPIA debounce circuitry. To determine 
the maximum throughput rate add thiS number to the 
·number of instructions or DMA cycles used to service each 
transfer. 
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TALKER MODE - The handshake sequence begins when 
the IIstener(s) on the GPIB make the RFD line true (Figure 9). 
When this occurs and the MPU has wntten a byte to R7W 
the GPIA will make the DAV line low Indicating to the 
listeners that valid data IS on the GPIB When this byte IS ac­
cepted and RFD IS again made true the next transfer can 
begin The GPIA debounce circuitry requires 6-7 E clock 

cycles to complete a handshake sequence. As with the 
listener there IS alE clock fluctuation due to the asyn­
chronous nature between the GPIB handshake and the GPIA 
debounce circuitry To determine the maximum throughput 
rate add this number to the number of Instructions or DMA 
cycles used to service each transfer 

FIGURE 7 - GPIA IN LISTEN MODE* 

RFD 
(GPIA) 

DAV 

DAC 
(GPIA) 

Ready 

Not Ready 

Valid Data 

Not Data Accept 

• The GPIA In the listener mode controls the DAC and RFD lines The DAV line IS controlled by the Talker on the GPIB Note that the Rr-D and 
DAC lines are wire ANDed on the GPIB, thus, these lines returning to the high state are dependent on all deVices programmed as listeners 
releaSing the lines 

L The listener(sl on the GPIB causes this action 

T The talker on the GPIB causes this action 

The release of DAC may reqUIre actIOn by the MPU (reading R7R for data byte transfers or writing dacr IR3W) high for certain command~) 
For some commands DAC IS automatically released by the GPIA Consult the MC68488 user's manual for details 

2 The RFD line IS normally automatically released by the GPIA Certain conditions, however, require MPU intervention to provide thiS release 
Consult the MC68488 user's manual for details 

FIGURE 8 - GPIA IN TALKER MODE* 

RFD 

DAV 

DAC 

• The GPIA In the talker mode controls the 5Av line The RFD and DAC lines are controlled by the Iistener(s) on the GPIB 

The IIstener(s) on the GPIB causes thiS action 

T The talker on the GPIB causes thiS action 

Two conditions must occur before the DAV line goes to the valid state The RFD line must be high and a data byte must be placed In the 
data out register Inba must be true) 
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GPIA INTERNAL CONTROLS AND REGISTERS* 

There are fifteen locations accessible to the MPU data bus 
which are used for transferring data to control the various 
functions on the chlp'and provide current chip status Seven 
of these registers are write only and eight registers are read 
only. The various registers are accessed according to the 
three least-significant bits of the MPU address bus and the 
status of the Read/Write line. One of the fifteen registers IS 
external to the IC but an address sWitch register IS provided 
for reading the address sWitches Table 2 shows actual bit 
contents of each of the registers. 

DATA-IN REGISTER R7R - The data-In register IS an ac­
tual 8-blt storage register used to move data from the inter­
face bus when the chip IS a listener. Reading the register 
does not destroy information In the data-out register DAC 
(data accepted) Will remain low until the MPU removes the 
bytes from the data-in register The chip Will automatically 
finish the handshake by allOWing DAC to go high. In RFD 
(ready for data) holdoff mode, a new handshake IS not in­
Itiated until a command IS sent allOWing the chip to release 
holdoff. ThiS Will delay a talker until the available information 
has been processed 

Data-In Register 
(Read Only) 

I 0171 016 1 0151 0141 0131 012 1 011 1 010 1 

010·017 - Correspond to 0101-0108 of the 488-1975 Standard and 
IBO-IB7 of the MC68488 

°NOTE Upper and lower case type deSignations will be used With the 

register bits to indicate remote or local messages respectively 

DATA-OUT REGISTER R7W - The data-out register is an 
actual 8-blt storage register used to move data out of the 
chip onto the interface bus. Reading from the data-In 
register has no effect on the information In the data-out 
register. Writing to the data-out register has no effect on the 
information In the data-In register. 

Data-Out Register 
(Wnte Onlyl 

I 0071 00~1005100410031 0021 00110001 

000-007 - Correspond to 0101-0108 of the 488-1978 Standard 
and iSO-167 of the MC68488 

INTERRUPT MASK REGISTER ROW - The Interrupt 
Mask Register IS a 7-blt storage register used to select the 
particular events that Will cause an Interrupt to be sent to the 
MPU The seven control bits may be set Independently of 
each other. If dsel (bit 7 of the Address Mode Register) IS set 
high CMD bit 2 Will Interrupt on SPAS or RLC. If dsells set 
low CMD Will Interrupt on UACG, UUCG, and DCAS in addi­
tion to RLC and SPAS. The Command Status Register R1R 
may then be used to determine which command caused the 
Interrupt. Setting GET bit 5 allows an Interrupt to occur on 
Group Execute Trigger Command. END bit 1 allows an inter­
rupt to occur If EOlls true (low) and ATN IS false (highl. APT 
bit 3 allows an Interrupt to occur indicating that a secondary 
address IS available to be examined by the MPU If apte (bit 0 
of Address Mode Register) IS enabled and listener or talker 
primary address IS received and a Secondary Command 
Group IS received. A tYPical response for a valid secondary 
address would be to set msa (bit 3 of AUXiliary Command 
Register) true and dacr (bit 4 AUXiliary Command Register) 
true, releaSing the DAC handshake 81 Indicates that a data 

TABLE 3 - REGISTER CONTENTS 

7 6 5 4 3 2 o 
ROW IRQ 60 GET --- APT CMO END 61 

nC:1 1m co GET ~ t,PT G.m nJD 01 

R1R UACG REM LOK --- RLC SPAS OCAS UUCG 

R'W ---- ---- ---- --- ---- --- ~ ----R2R ma to 10 ATN TACS LACS LPAS TPAS 

R2W dsel to 10 ---- hide hlda --- apte 

R3R 
RESET 

OAC OAV RFD ~ fget ~ rfdr feol dacr 
m~ rtl 

dacd 

R4R U03 U02 UO, A05 A04 A03 A02 AD' 
R4W Isbe dal dat A05 A04 A03 A02 AD' 

~ S7 ~ S5 S4 S3 S2 Sl SO 
R5W rsv 

R6R 67 66 B5 64 63 62 61 60 

R6W PPR8 PPR7 PPR6 PPR5 PPR4 PPR3 PPR2 PPRl 

R7R 017 016 015 014 013 012 011 010 

R7W 007 006 005 004 003 D02 001 000 

Notes 
, Upper case letters indicate a message resulting from the IEEE-488 Standard bl"s 
2 Lower case letters indicate a message resulting from the MPU data bus 

Interrupt "Mask Register" 

Interrupt StJtu3 nLlll~tu 

Command Status Register 

Unused 

Address Status Register 

Address Mode Register 

AUXIliary Command Register 

AUXIliary Command Register 

Address SWitch Register 

Address Register 

Serial Poll Register 

Command Pass-Through Register 

Parallel Poll Register 

Data In Register 

Data Out Register 

3 The bit terminology of the Data In and Data registers represent the numbenng of the IEEE-488 Standard bus and not the 6000 
MPU bus - see Section 3 1 2 
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byte IS waiting In the data-in register. BI IS set high when 
data-In register IS full BO indicates that a byte from the data­
out register has been accepted BO IS set when the data-out 
register IS empty IRO enabled high allows any Interrupt to be 
passed to the MPU 

Interrupt Mask Register 
(Wnte Only) 

IRQ BO! GET I X ! APT !CMDI END I BI 

IRQ Mask bit for IRQ pin 
BO - Interrupt on byte output 
GET - Interrupt on Group Execute Trigger 
APT - Interrupt on Secondary Address Pass-Through 
CMD - Interrupt on SPAS+RLC+dsel (DCAS+ 

UUCG+UACG) 
END Interrupt on EOI and ATN 
BI Interrupt on byte Input 

THE INTERRUPT STATUS REGISTER ROR - The Inter­
rupt Status Register IS a 7-blt storage register which cor­
responds to the Interrupt mask register with an additional bit 
INT bit 7 Except for the INT bit the other bits In the status 
register are set regardless of the state of the Interrupt mask 
register when the corresponding event occurs The IRO 
(MPU Interrupt) IS cleared when the MPU reads from the 
register INT bit 7 IS the logical OR of the other SIX bits AND­
ed with the respective bit of ROW. 

Interrupt Status Register 
(Read Only) 

liNT I BO , GET' X , APT' CMD , END , BI 

INT - Logical OR of all other bits In thiS register ANDed 
with the respective bits In the Interrupt mask 
register 

BO - A byte of data has been output 
GET - A Group Execute Trigger has occurred 
APT An Address Pass-Through has occurred 
CMD - SPAS+RLC+dsel (DCAS+UUCG+UACG) 

has occurred 
END - An EOI has occurred with ATN = a 
BI A byte has been received 

SERIAL POLL REGISTER R4R/W - The Serial Poll 
Register IS an S-blt storage register which can be both writ­
ten Into and read by the MPU It IS used for establishing the 
status byte that the chip sends out when It IS serial poll 
enabled. Status may be placed In bits 0 through 5 and bit 7 
Bit 6 rsv (request for service) IS used to drive the logiC which 
controls the SRO line on the bus telling the controller that 
service IS needed. ThiS same logiC generated the signal 
SRGS which IS substituted In bit 6 posItIOn when the status 
byte IS read by the MPU IBO-IB7 In order to initiate a rsv (re­
quest for serVice), the MPU sets bit 6 true (generatlng~ 
signal) and thiS In turn causes the chip to pull down the SRO 
line SROS IS the same as rsv when SPAS IS false Bit 6 as 
read by the MPU will be the SROS (Service Request State) 

Serial Poll Register 
(Read) 

I sa/ SRQS I S6 I S5 I S4 I S3 

S 1-sa - Status bits 
SRQS - Bus In Service Request State 

S2 S1 

Serial Poll Register 
(Wnte) 

sa rsv , S6 , S5 , S4 53 

S 1-sa - Status bits 
rsv generate a service request 

S2 S1 

PARALLEL POLL REGISTER R6W - ThiS 
register will be loaded by the MPU and the bits In 
thiS register will be delivered to the Instrument bus 
IBO-IB7 dUring PPAS (Parallel Poll Active State) 
ThiS register powers up In the PPO (Parallel Poll No 
Capability) state The reset bit (AUXiliary Command 
Register bit 7) will clear thiS register to the PPO 
state 

The parallel poll Interface function IS executed by 
thiS chip uSing the PP2 subset (Omit Controller 
Configuration Capability) The controller cannot 
directly configure the parallel poll output of thiS 
chip ThiS must be done by the MPU The con­
troller will be able to indirectly configure the parallel 
poll by Issuing an addressed command which has 
been defined In the MPU software 

Parallel Poll Register 
(Write Only) 

I ppsi PP71 PP6' PP51 PP41 PP31 PP21 PPl I 
Bits delivered to bus dUring Parallel-Poll Active State 

(PPAS) 
Register powers up In the PPO state 
Parallel Poll IS executed uSing the PP2 subset 

ADDRESS MODE REGISTER R2W - The address mode 
register IS a storage register with SIX bits for control to, la, 
hide, hlda, dsel, and apte The to bit 6 selects the 
talker/listener and addresses the chip to talk only The 10 bit 
5 selects the talker/listener and sets the chip to listen only 
The apte bit 0 IS used to enable the extended addreSSing 
mode If apte IS set low the deVice goes from the TPAS 
(Talker Primary Address State) directly to the T ADS (Talker 
Addressed State) The hlda bit 2 holds off RFD (Ready for 
Data) on ALL DATA until rfdr IS set true The hide bit 3 holds 
off RFD on EOI enabled (low) and ATN not enabled (high) 
ThiS allows the last byte In a block of data to be continually 
read as needed Writing rfdr true (high) Will allow the next 
handshake to proceed 

dsel to 

Address Mode Register 
(Write Only) 

10 , X , hdle I hdla' X apte 

dsel - configure for automatic completion of handshake 
sequence on occurrence of GET, UACG, UUCG, 
SDC, or DCl commands 

to - set to talk-only mode 
10 set to listen-only mode 
hdle - Hold-off RFD on end (END = EOIAATN) 
hdla - Hold-off RFD on all data 
apte - Enable the address pass-through feature 
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ADDRESS STATUS REGISTER R2R - The address 
status register IS not a storage register but simply an 8-blt 
port used to couple Internal signal modes to the MPU bus 
The status flags represented here are stored Internally In the 
logic of the chip. These status bits indicate the addressed 
state of the talker/listener as well as flags that specify 
whether the chip IS In the talk only or listen only mode. The 
ATN, bit 4, contains the condition of the Attention Line The 
ma signal IS true when the chip IS In. 

T ACS - Talker Active State 
TADS - Talker Addressed State 
LACS - Listener Active State 
LADS Listener Addressed State 
SPAS - Senal Poll Active State 

Address Status Register 
(Read Only) 

ma to I 10 I ATNITAcslLAcslLPASITPAS / 

ma my address has occurred 
to - the talk-only mode IS enabled 
10 - the listen-only mode IS enabled 
ATN - the Attention command IS asserted 
TACS - GPIA IS In the Talker Active State 
LACS - GPIA IS In the Listener Active State 
LPAS - GPIA IS In the Listener Primary Addressed State 
TPAS - GPIA IS In the Talker Primary Addressed State 

ADDRESS SWITCH REGISTER R4R - The address 
sWitch register IS external to the chip There IS an enable line 
(AS E) to be used to enable three-state dnvers connected 
between the address sWitches and the MPU When the MPU 
addresses the address sWitch register the AS E line directs 
the sWitch Information to be sent to the MPU. The five least­
significant bits of the 8-blt register are used to specify the 
bus address of the deVice and the remaining three bits may 
be used at the discretion of the user The most probable use 
of one or two of the bits IS for controlling the listener only or 
talk only functions 

i\d-irr~~ Switch Rrn;~trr 
(Read Only) 

I UD31 UD21 UD1 I AD51 AD4/ AD31 AD2/ AD1/ 

AD1-AD5 - DeVice address 
UD1-UD3 - User definable bits 

When thiS "register" IS addressed. the ASE pin IS set which allows 
external address sWitch information from the bus deVice to be read 

ADDRESS REGISTER R4W - The Address Register IS an 
8-blt storage register The purpose of thiS register IS to carry 
the pnmary address of the deVice The pnmary address IS 
placed In the five least-significant bits of the register. If exter­
nal sWitches are used for deVice addreSSing these are normal­
ly read from the Address SWitch Register and then placed In 
the Address Register by the MPU 

AD1 through AD5 bits 0-5 are for the deVice's address 
The Isbe bit 7 IS set to enable the Dual Pnmary AddreSSing 
Mode Dunng thiS mode the deVice will respond to two con­
secutive addresses, one address with AD1 equal to 0 and the 
other address with AD1 equal to 1. For example, If the 
deVice's address IS HEX OF, the Dual Pnmary AddreSSing 
Mode would allow the deVice to be addressed at both 

HEX OF and HEX OE The dal bit 61s set to disable the listener 
and the dat bit 5 IS set to disable the talker 

ThiS register IS cleared by the RESET Input only (not by the 
reset bit of the AUXIliary Command Register bit 7). 

When A TN IS enabled and the pnmary address IS received 
on the IBO-7 lines, the MC68488 Will set bit 7 of the address 
status register (mal. ThiS places the MC68488 In the TPAS or 
LPAS. 

When ATN IS disabled the GPIA may go to one of three 
states. TACS, LACS, or SPAS 

Address Register 
(Write Only) 

Isbe dal I dat I AD51 AD41 AD31 AD21 AD1 / 

Isbe - enable dual primary addreSSing mode 
dal disable the listener 
dat - disable the talker 
AD1-AD5 - Primary deVice address. usually read from address 

SWitch register 
Register IS cleared by the RESET Input pin only 

AUXILIARY COMMAND REGISTER R3R/W 
- Bit 7, reset. Initializes the chip to the follow­
Ing states (reset IS set true by external RESET 
Input Pin and by wntlng Into the register from 
the MPU). 

SIDS - Source Idle State 
AIDS - Acceptor Idle State 
TIDS - Talker Idle State 
LIDS - Listener Idle State 
LaCS - Local State 
NPRS - Negative Poll Response State 
PPIS - Parallel Poll Idle State 
PUCS - Parallel Poll Unaddressed to Configure State 
PPO - Parallel Poll No capability 

rfdr (release RFD handshake) bit 6 allows for completion 
of the handshake that was stopped by RFD (Ready For Data) 
hold off commands hlda and hide 

fget (force group execute trigger) bit 0 has the same effect 
as the GET (Group Execute 1 nggerl command from the con­
troller 

rtl (return to local) bit 2 allows the deVice to respond to 
local controls and the associated deVice functions are 
operative 

dacr (release DAC handshake) bit 4 IS set high to allow 
DAC to go passively true This bit IS set to indicate that the 
MPU has examined a secondary address or an undefined 
command 

upla (upperllower primary address) bit 1 Will indicate the 
state of the LSB of the address received on the D101-8 bus 
lines at the time the last Pnmary Address was received ThiS 
bit can be read but not wntten by the MPU 

msa (valid secondary address) bit 3 IS set true (high) when 
TPAS (Talker Pnmary Addressed State) or LPAS (Listener 
Pnmary Addressed State) IS true The chip will become ad­
dressed to listen or talk. The pnmary address must have been 
previously received 
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RFD, DAV, DAC - (Ready For Data, Data Valid, Data Ac­
cepted) bits assume the same state as the corresponding 
signal on the MC68488 package PinS The MPU may only 
read this bit These signals are not synchronized with the 
MPU clock 

dacd (data accept disable) bit 1 set high by the MPU will 
prevent completion of the automatic handshake on Ad­
dresses or Commands dacr IS used to complete the hand­
shake 

feoi (forced end or identify) bit 5 tells the chip to send EOI 
low. The EOlllne IS then returned high after the next byte IS 
transmitted NOTE' The following Signals are not stored but 
revert to a false (low) level one clock cycle (MPU<I>2) after 
they are set true (high) 

1 rfdr 
2 feol 
3. dacr 

These Signals can be wntten but not read by the MPU 

Auxiliary Command Register 

reset - initialize the chip to the following status 
(1) all Interrupts cleared 

Write 
Read 

(2) following bus states are In effect SIDS, AIDS, TIDS, 
LIDS, LOCS, PPIS, PUCS, and PPO 

(3) bit IS set by RESET Input pin 
msa - If GPIA IS In LPAS or TDAS, setting msa WI:I force GPIA to 

LADS or TAOS 
rtl - return to local If local Icokout IS disabled 
ulpa - state of LSB of bus at last-primary-address receive time 
fget - force group execute trigger command from the MPU has 

occurred 
rfdr - continue handshake stopped by RFD holdoff 
feol - set EOI true, clears after next byte transmitted 
dacr - MPU has examined an undefined command or secondary 

address 
dacd - prevents completion of automatic handshake on Addresses 

or Commands 

COMMAND STATUS REGISTER R1R - The command 
status register flags command or state as they occur These 
flags or states are Simply coupled on the MPU bus There are 
five major address commands REM shows the remote/local 
state of the talker/listener REM bit 6, set low, Implies the 
local state. LOK bit 5 shows the local lockout status of the 
talker/listener RLC bit 3 IS set when a change of state of the 
remote/local flip-flop occurs and reset when the command 
status register IS read DCAS bit 1 Indicates that either the 
deVice clear or selected deVice clear has been received ac­
tivating the deVice clear function SPAS bit 2 Indicates that 
the SPE command has been received activating the deVice 
senal poll function UACG bit 7 Indicates that an undefined 
address command has been received and depending on pro­
gramming the MPU deCides whether to execute or Ignore It 
UUCG bit 0 indicates that an undefined universal command 
has been received 

Command Status Register 
(Read) 

I UACG I REM I LOK I X I RLC I SPAslDCASIUUCG I 
UACG - Undefined Addressed Command 
REM Remote Enabled 
LOK - Local Lockout Enabled 
RLC - Remote/ Local State Changed 
SPAS - Senal Poll Active State IS In effect 
DCAS - DeVice Clear Active State IS In effect 
UUCG - Undefined Universal Command 

COMMAND PASS-THROUGH REGISTER R6R - The 
command pass through IS an 8-blt port with no storage 
When thiS port IS addressed by MPU It connects the Instru­
ment data bus IIBO-IB7I to the MPU data bus 00-07 ThiS 
port can be used to pass commands and secondary ad­
dresses that aren't automatically Interpreted through to the 
MPU for Inspection 

B7 

Command Pass-Through Register 
(Read Only) 

B6 I B5 I B4 I B3 I 62 I B 1 BO 

An S-blt Input port used to pass commands and secondary ad­
dresses to MPU which are not automatically Interpreted by the 
GPIA 

PROGRAMMING CONSIDERATIONS 

The following IS a list of conSiderations when uSing the 
MH version of the MC68488 

1 Handshake Interruption 
Once a handshake sequence begins on the IEEE-488 

bus It should be allowed to complete In a normal 
fashion, as descnbed In the IEEE Standard If thiS se­
quence IS Interrupted (e g , the controller forces the 
DAV line to the not data valid state prematurely) the 
integrity of the data IS lost and the Interface deVices 
can go to unintended states, as explained In the stan­
dard NOTE The MC68488 does not Interrupt a hand­
shake It always allows the handshake to complete In 
the correct sequence, however, It IS pOSSible for a 
deVice, other than a MC68488, connected to the bus 
to Interrupt the sequence The controller can do thiS 
through an asynchronous Bus Take-over (asserting 
the ATN line durtng a handshake) If thiS occurs the 
controller should follow the asynchronous take-over 
with an I FC Unillne Command (A TN can be either 
asserted or not asserted at thiS time) It IS also pOSSible 
for some deVices to Interrupt the handshake by 
prematurely making the DAV line false (thiS type of In­
terrupt should be aVOided and It should be noted that 
the MC68488 does not Interrupt the handshake se­
quence) If the DAV handshake line IS made false 
(high) before OAC IS made false (high) dunng a hand­
shake sequence, the listener GPIA(s) Will respond as 
fellows 

a) If IFC IS sent by the controller with ATN false 
before another handshake sequence IS Initiated 
the MC68488 will reset back to an Idle state The 
GPIA at thiS POint IS ready to be reprogrammed 
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The BI status bit may be set, dependmg on 
when the handshake was mterrupted, but any 
byte In R7R cannot be considered valid. NOTE' 
If IFC IS sent with ATN true, It must be sent 
again with A TN false 

b) If another handshake IS mltlated before IFC IS 
sent With ATN false, the GPIA does not 
generate Interrupts for subsequent data bytes 
received by the listener GPIA(s), The device 
responds to commands and moves mto and out 
of T ACS, LACS, etc, but no further BI mter­
rupts are generated The only solutions to this 
situation are to reset the MC68488 or have the 
MPU perform a read of R7R register m the 
GPIA 

2 Interrupt Structure 
The status bits In ROR, when set, cause an Interrupt 

(dnves the IRQ line low) If the appropriate Interrupt 
mask bits m ROW are set. The IRQ line IS sensitive to a 
low-to-hlgh transition produced by the logical OR of 
the appropnate bits m ROR If, for example the BI 
status bit IS set and causes an IRQ mterrupt, the MPU 
reads ROR (thiS read will reset the IRQ Ime but not the 
status bit) and detect that the 81 bit IS set The soft­
ware should then direct the MPU to read the data byte 
from R7R, which m turn causes the 81 bit to be reset 
If after the status register (ROR) was read and before 
R7R IS read, another mterrupt status bit IS set (e.g, 
the CMD bit) this second condition does not cause an 
Interrupt The BI bit bemg set at the time CMD occur­
red prevents the IRQ line from detectmg the necessary 
low-to-hlgh transition and an mterrupt could be miss­
ed. To prevent thiS, the last set of mstructlons m the 
software Interrupt handler should be a reset of the m­
terrupt mask register, followed by programming this 
same register to ItS ongmal state This always pro­
duces the needed low-to-hlgh transition, preventmg 
missed Interrupts 

3 The "nba" for TACS affects "nba" for SPAS 
If nba for T ACS IS false (there IS not a data byte pen­

ding m R7W) then the senal poll handshake sequence 
for the status byte to the controller occurs once If nba 
for T ACS IS true (there IS a data byte m R7R waiting 
for a handshake to listeners) then the status byte will 
be sent to the controller each time the controller com­
pletes a handshake and mdlcates that It IS ready for 
more data 

4 The "nba" for SPAS affects "nba" for TACS 
The controller places the GPIA mto the Senal Poll 

Active State (SPAS) by sendmg senal Poll enable, 
sending the deVice talk address, and then releasmg 
ATN If the controller does thiS and never accepts the 
senal Poll Status byte (never makes the RFD hand­
shake line true) but rather the controller asserts ATN 
and sends Senal Poll Disable (SPD), then the GPIA 
moves Into and out of SPAS Without completing the 
status byte handshake routme In thiS state the "nba" 
for SPAS remams true and affects "nba" for T ACS m 
the follOWing way 

When the controller places the GPIA m TACS 

MC68488 

the part makes DAV true as soon as R FD IS 
made true by the listeners m a normal sequence 
However, the GPIA continues the handshake 
sequence, usmg the contents of R7W, over and 
over. (I.e., Each time the listeners accept the 
current data byte and makes RFD true, the GPIA 
makes DAV true automatically and begms 
another handshake sequence) The 80 status bit 
IS set, however, and If the MPU wntes to R7W 
the new data byte IS sent to the listeners over 
and over, uSing a handshake routine ThiS con­
tmual sending of data bytes occurs until the 
controller places the GPIA back m SPAS and 
completes the handshake routme for the Senal 
Poll Status byte making "nba" for SPAS false 
agam 

ThiS situation does not occur If the controller hand­
shakes the status byte when It places the G PIA m 
SPAS 

5 Dual Addressmg 
Dual addreSSing Implies the use of two adjacent 

pnmary addresses and, as such, care should be taken 
when selectmg the pnmary addresses for thiS mode 
DeCimal address 30 (11110) should not be used 
because the dual address counterpart of deCimal 30 IS 
deCimal 31 (11111) Since address 31 has the same bit 
code as that of either the Untalk or Unllsten Com­
mands thiS value IS an mvalid pnmary address for the 
IEEE-488 system 

6 "Ghost Interrupts" 
A "ghost Interrupt" IS an mterrupt that occurs as a 

result of the MC68488, but when the status register IS 
checked no status bits are set There are two condi­
tions that can legitimately cause a "ghost Interrupt" 
They are 

a) SPAS status bit 
If the controller conducts a senal poll by sen­

dmg Senal Poll Enable (SPE) and then sends the 
GPIA talk address, the SPAS status bit IS set 
and can cause an Interrupt After the controller 
receives tile Surlal Poll StJtus uytu It Will send 
Senal Poll Disable (SPD) which resets the SPAS 
status bit If the controller can perform thiS se­
quence of events before the Interrupt handler 
can check the SPAS status bit, the MPU Will not 
find any status bits set ("ghost Interrupt"). The 
pOSSibilities are twofold . 

1) If thiS deVice had actually requested the 
serVice, then the MPU, after receiving the 
mterrupt ("ghost" or not), should check 
bit 6 of the Senal Poll register If thiS bit IS 
reset the MPU knows that a Senal Poll 
was conducted and can reset the rsv as 
per normal Senal Poll handling pro­
cedures 

2) If thiS deVice did not request the service 
request and SPAS IS not set, the software 
should detect thiS as a "ghost mterrupt," 
Ignore It, and proceed With normal opera­
tions 

See "Serral Poll Procedure" (#11) for further Senal 
Poll operation 
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b) BO status bit 
The BO Status bit IS set whenever the 

MC68488 IS In the Talker Active State and the 
output register (R7W) IS empty After the 
IIstener(s) accept the current data byte on the 
IEEE bus, the BO status bit will again be set and 
with the appropriate mask bits set, will cause an 
Interrupt When the talker sends the last byte of 
a string It IS pOSSible for the controller to detect 
thiS, synchronously take control of the bus, and 
untalk the talker, however, when the last byte IS 
accepted the BO status bit IS again set and If so 
programmed, causes another Interrupt It IS 
pOSSible for the controller to untalk the device 
thereby resetting BO before the MPU Interrupt 
handler IS able to check the status register 
Under these conditions a "ghost Interrupt" oc­
curs See "Send Last Byte Procedure" (#10) for 
further description and solution 

7 UACG Status Bit 
The UACG status bit IS set anytime the GPIA 

receives an Undefined Address Command Group 
(UACG) message from the controller ThiS bit IS not 
qualified With the addressed state of the part The 
MPU software, after detecting a UACG, must check 
the ma bit In the address status register to see If the 
device IS addressed If the UACG message IS a 
selected command only pertinent to addressed 
listeners, the software, after receiving the command 
by reading R6R, should release the handshake (write 
dacr high In R3W). ThiS allows the controller to make 
A TN false If the device has been addressed to 
listen/talk and ATN IS made false the LACS/T ACS 
status bit In the address status register Will be set The 
MPU can then check these bits 

8. END Status Bit 
The END status bit In ROR IS used to indicate to ad­

dressed listeners that the next byte received by the ad­
dressed talker IS the last byte of a string ThiS bit IS not 
qualified With the handshake and thus occurs ahead of 
the reception of the last data byte ThiS alerts the MPU 
that the final byte will soon follow. Because of thiS, 
two Interrupts, If so programmed, will occur One for 
the END bit and one for the BI bit when the final byte 
IS transferred With a handshake. For those situations 
where It IS Inconvenient to have two Interrupts the 
END status bit can be masked, not allOWing It to cause 
an Interrupt, 

9. feol (force end or Identify) 
ThiS control bit (bit 5, R3W) IS used when the 

MC68488 IS an Active Talker, to indicate to the 
Iistener(s) on the IEEE bus the end of a data string 
transfer. The MC68488 asserts the EOI management 
line when the feCI control bit IS set and the deVice IS In 

the Talker Active State (T ACS) The feol bit IS set by 
the MPU writing thiS bit high and automatically resets 
one E clock cycle after It was set. The use of thiS func­
tIOn IS as follows When sending a string of data the 
feCI control bit should be set prior to sending the final 
data byte ThiS causes the EOI management line to be 
asserted (low!. The final data byte can now be sent 
The EOI line remains asserted until thiS byte IS ac­
cepted, at which time It returns high. 

MC68488 

Care must be used when setting the feol control bit 
Once feol has been written high, the EOI line IS 
asserted when the MC68488ls an Active Talker and re­
mains asserted until the next data byte IS sent and ac­
cepted ThiS IS true even If feol IS written high while 
the deVice IS not an Active Talker In thiS case the EOI 
management line IS asserted as soon as the MC68488 
IS again made an Active Talker Once the feol control 
bit IS set, only a deVice reset prevents the END 
message from being sent when the MC68488 becomes 
an Active Talker 

10 Send Last Byte Procedure (Talker Mode) 
The procedure used for sending the last byte IS 

deSCribed below When uSing the EOI management 
line, the MPU software must first set the feol control 
bit (asserting EOI), and then send the last byte When 
the last byte IS accepted by all listeners, the BO status 
bit of the talker deVice IS set The BO status bit IS not 
qualified With the EOI line, but IS set whenever the cur­
rent data byte IS accepted by all Ilstel'1ers and the 
deVice IS In the Talker Active State (T ACS) (Note that 
when the controller asserts ATN to send commands, 
the GPIA moves out of T ACS causing BO to reset and 
remains out of T ACS as long as A TN IS asserted) 
After the data block transfer, the controller takes con­
trol of the bus (asserts ATN) and reconfigures the 
GPIB system In performing thiS task, the controller 
sends command(s) that untalk the deVice (MLA, OT A, 
UNT) or reassigns It as a Talker (MTA) asking for fur­
ther data transfers Since the GPIB operates asyn­
chronously With respect to the deVice MPU bus, It IS 
pOSSible for the controller to take control of the GPIB 
and cause actions that change the state of the BO 
status bit In the middle of the MPU Interrupt routine 
As a reSUlt, care needs to be exercised when respon­
ding to the BO status bit Interrupt occurring after 
transferring the last byte Any of the follOWing condi­
tions can occur 

1) DeVice Untalked - If either My Listen Address, 
Other Talk Address, or the Untalk command IS 
sent, the deVice IS placed In the Talker Idle State 
(TIDS) - the deVice IS Untalked In thiS case the 
BO status bit IS set as soon as the last data byte 
IS accepted, reset when the controller asserts 
ATN, and BO will remain reset after ATN IS 
released 

(a) The BO status bit Indicates a set condition 
If the MPU reads the Interrupt Status 
Register before the controller asserts 
ATN ThiS status Indication, however, IS 
misleading as another byte transfer IS not 
Intended The deVice IS soon to be Untalk­
ed 

(b) The BO status bit Indicates a reset condi­
tion If the MPU reads the Interrupt Status 
Register after ATN has been asserted - a 
"ghost Interrupt" IS produced ThiS BO 
status bit remains reset after A TN IS made 
false (high) 

2) DeVice ReaSSigned as a Talker - The controller 
reassigns the deVice to talk by sending My Talk 
Address In thiS case the BO status bit IS set as 
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soon as the last data byte IS accepted, reset 
when the controller asserts A TN to send MT A, 
and IS again set when A TN IS made false by the 
controller 

(a) The BO status bit indicates a set condition 
If the MPU reads the Interrupt Status 
Register before the controller asserts 
A TN. This case IS Identical to part (a) for 
"Device Untalked" shown above. 

(b) The BO status bit indicates a set condition 
If the MPU reads the Interrupt Status 
Register while A TN IS asserted - a 
"ghost Interrupt" IS produced 

(e) The BO status bit indicates a set condition 
If the MPU reads the Interrupt Status 
Register after ATN IS made false (high) 
ThiS status indication IS requesting a byte 
transfer and should be acted upon accor­
dingly 

To alleViate the above ambiguity and "ghost inter­
rupt" Situation, the GPIB handshake must be syn­
chronized with action by the device MPU The follow­
Ing step-by-step procedure provides thiS needed syn­
chronization and eliminates the ambigUity when ser­
VICing the BO status bit after sending the last byte 

11 Before sending the last byte of a block transfer, 
the feol bit !If used} should be set. In addition, 
the dacd bit In R3W should be set, holding off 
the handshake upon reception of any command 
(establishes the required synchronization be­
tween MPU and controller!. 

2) If operating under Interrupts, the BO Interrupt 
mask should be reset. ThiS prevents generation 
of a BO status Interrupt when the last byte IS 
received. 

3) Send the last data byte 

4} The MPU now monitors the ATN bit In the Ad­
dress Status Register (R2R) When the ATN bit 
IS set, the ATN line has been asserted and It Will 
rrmilln ils,rrtrcl until comrletlon of the hand­
shake The procedure, descnbed herein, 
assumes that ATN line IS asserted between 
block transfers and at least one command sent 
The fact that ATN IS asserted indicates that the 
deVice IS no longer In T ACS and, thus, the BO 
status bit IS reset 

5) The dacd bit In R3W can now be written low, 
removing the manual handshake hold-oft on 
subsequent commands With the same write In­
struction, the dacr bit should be set, releaSing 
the handshake on the current command (write a 
hex 10 to R3W) 

6} The BO Interrupt mask bit can now be set, enabl­
Ing Interrupts for another block transfer. 

After follOWing thiS procedure, a BO status condition 
Will occur only If a second block of data IS requested 
by the controller In addition, the pOSSibility of a BO 
"ghost Interrupt" IS eliminated 

11 Senal Poll Procedure 
The MPU initiates a service request by writing rsv 

(bit 6, R5W) high In the GPIA At the same time, the 

appropriate code should be placed In the other 7 bits 
Bit 6 being set causes the SRO management line to go 
low. The GPIA enters the Senal Poll Active State 
(SPAS) when It receives SPE and IS an active talker 
When It enters SPAS, the following occurs: the SPAS 
status bit (bit 2, R1 R) IS set, the CMD status bit (bit 2, 
ROR) IS set, the SRO line IS asserted paSSively false 
(high), the SRO status bit (bit 6, R5R) IS reset, and the 
contents of R5R IS placed on the GPIB data bus 

When the GPIA enters SPAS, the SPAS status bit 
(R 1 R) IS set. ThiS, In turn, causes the CM D status bit In 
ROR to be set. In an Interrupt dnven system with the 
CMD and IRO mask bits set, thiS causes an MPU inter­
rupt. These status bits are not latched conditions and 
only mOnitor the current state of the GPIA If the con­
troller places the GPIA In SPAS (sends SPE and 
MT A), receives the Senal Poll status byte and removes 
the GPIA from SPAS (sends SPD) before the MPU 
reads the Interrupt Status register, the contents of thiS 
register shows hex 10 Since the MPU knows that thiS 
deVice Issued the service request, It should check bit 6 
of R5W If an MPU Interrupt IS generated but no status 
bit IS set If bit 6, R5R, IS reset, the MPU Will know the 
controller has performed a Senal Poll on It. However, 
the SRO status bit being reset does not indicate that 
the status byte was accepted by the controller - that 
IS, the handshake was completed. Rather, It indicates 
that the GPIA has been placed In SPAS and that the 
status byte has been placed on the GPIB In systems 
with slow responding controllers, the SRO bit In R5R 
can be reset while the SPAS status bit IS stili set In 
thiS case to determine when the status byte was ac­
cepted, the MPU can monitor SPAS status bit ThiS 
bit IS reset when the controller has removed the GPIA 
from the SPAS. Once In SPAS, the controller must 
accept the Senal Poll byte before removing the deVice 
from SPAS The rsv bit cannot be wntten low until the 
status byte has been accepted, but should be wntten 
low as soon as the status byte has been accepted by 
the controller. 

If thiS deVice has Issued a service request to the con­
troller, the follOWing prOVides a procedure for handling 
a SPAS Interrupt The procedure only discusses Senal 
Poll (SPAS) interrupts Interrupts resulting from other 
sources need to be incorporated as appropnate for the 
system application In an interrupt dnven system, the 
MPU normally reads the Interrupt Status Register to 
find the cause of the Interrupt The Interrupt Status 
Register must be read to release the IRO line and, In 
most cases, It Will be read to check If something other 
than SPAS caused the Interrupt However, since It IS 
pOSSible that the SPAS status can be set and then 
reset before the MPU reads the register, the follOWing 
procedure should also be used (even though the 
SPAS status IS reset) 

1} The MPU should monitor the SRO bit In the 
Senal Poll Register ThiS can occur as a result of 
either an Interrupt or a polling routine 

2) When the SRO bit returns to zero, It indicates 
that the MC68488 has been placed In the Senal 
Poll Active State (SPAS). ThiS does not mean 
that the deVice IS In SPAS, because the con-
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troller could have placed the MC68488 In SPAS 
and then removed the device from SPAS before 
the MPU reads the Serial Poll Register (R5R) 

3) After the SRO bit In R5R returns to zero, the 
MPU should read the Command Status Register 
and Monitor the SPAS status bit. When this bit 
returns to 0, It indicates that the Serial Poll 
Status byte has been accepted by the controller 
and that the MC68488 has been removed from 
the Serial Poll Active State (SPAS) 

4) After the SPAS status bit returns to 0, the rsv 
bit (In R5W) should be written low 

The GPIA uses the source handshake to send the 
Serial Poll status byte to the controller The GPIA does 
thiS by plaCing the status byte on the GPIB, and when 
the controller makes RFD true, the GPIA makes DAV 
true (low), and the handshake takes place according 
to the IEEE-488 Standard handshake protocol If nba 
for the GPIA T ACS function IS false at thiS time, the 
GPIA will send thiS byte only once, I.e., the GPIA does 
not make DAV true (low) a second time If nba for the 
GPIA TACS function IS true at thiS time, the GPIA 
sends thiS byte over and over, provided the controller 
continually makes RFD true at the end of the hand­
shake Without reconflgurlng the deVice, I.e , the GPIA 
In thiS situation makes DAV true (low) each time It 
receives an R FD true from the controller The only 
time nba can be true for T ACS IS If the deVice was an 
active talker prior to the Serial Poll sequence, and the 
GPIA MPU had loaded a byte In R7W Now, If the 
controller synchronously takes over the bus before thiS 
byte IS placed on the GPIB, the nba for TACS will be 
true 

NOTE 

After a Serial Poll has been conducted on the GPIA 
and the SRO bit (bit 6, R5W = Q) IS reset, the MPU 
must write the rsv (bit 6, R5W) low before another ser­
vice request can be Initiated. 

APPENDIX 

GPIA MASK SET DIFFERENCES 

There have been two mask sets produced for the GPIA 
(MC68488l. They are' 

G6G MASK SET - sampled In the fall of '77 (fIrst mask 
setl. This mask set was produced through December of 1978 
and can be Identified by the letters "GG" preceding the date 
code on top of the package. 

M2H MASK SET - parts available January '79 (final mask 
setl. Any parts ordered after thiS date will be M2H parts The 
M2H mask set replaces the G6G mask set and can be Ident­
Ified by the letters MH or M2H preceding the date code on 
top of the package The mask set deSignatIOn for later pro­
ductIOn runs IS P9W. The P9W mask set IS Identical to the 
M2H In all aspects. 

There are seven areas of differences between the G6G and 
M2H/P9W mask sets. They are' 

1 RLC Status bit 
ThiS bit IS used to Implement the Remote/ Local In-

terface function. In the GG mask set the 
Remote/Local option should not be used, because the 
RLC status bit In R1R will lock up In the zero state In 
the MH mask version the RLC bit IS completely func­
tional and will report any change In the REM status bit 

2 Extended AddreSSing 
The GG mask version of the GPIA Will not discon­

tinue secondary addreSSing when the primary address 
of another GPIA IS sent by the controller, Ie, after 
entering LPAS, the primary address of another deVice 
Will not transfer the GPIA to LPIS ThiS trdnsltlOn from 
LPAS to LPIS was not fully Implemented In the GG 
mask set The MH mask set has fully Implemented thiS 
Interface function With thiS verSion, If the GPIA IS 
programmed for extended addreSSing and receives ItS 
primary address, It Will move to LPAS If at thiS pOint 
the primary address of another controller IS sent, the 
GPIA Will go to ItS Idle state (LiDSITIDS) as per 
IEEE-488 1978 standard requirements 

3. TPAS and LPAS Status Bits 
In the GG mask set the LPAS status bit will report 

either LPAS or LADS LikeWise, the TPAS status bit 
Will report either TPAS or T ADS In the MH mask set 
these bits only report LPAS and TPAS respectively 

4 DAC Release 
When the GPIA (GG mask set) In the listener mode 

receives a byte of data from the IEEE bus the DAC 
handshake Will be held off until the MPU reads thiS 
data byte The E-pulse that reads thiS data from R7R 
also releases DAC, Indicating to the talker that the 
byte has been accepted In the GG mask set the DAC 
handshake line IS released on the low-to-hlgh transI­
tion (leading edge) of the E-pulse, but the data IS ac­
tually read (accepted by the MPU) on the hlgh-to-Iow 
tranSition (trailing edge) If there IS a very fast talker or 
long E-pulse Width, It IS possible for the talker to 

receive a data accept mAC) and place the next data 
byte In the Data-In Register before the current one has 
been read out by the MPU ThiS Will overwrite the data 
on the MPU bus and result In missed data For thiS to 
occur the talker must be able to detect the DAC line 
gOing high and place the next data byte on the bus 
(making DAV true) before the E-pulse goes low For a 
1 MHz E-pulse thiS IS approximately 400 ns The MH or 
M2H mask set corrects thiS by releaSing DAC after the 
trailing edge of the E-pulse 

5 dsel (deselect) 
One of the functions of the dsel bit (bit 7 of R2W) IS 

to deselect the Group Execute Trigger (GET) com­
mand from setting the GET status bit and causing an 
Interrupt. The GG mask version of the GPIA, when 
dsells set, prevents the GET status b~om being set, 
but It IS stili possible to get an IRO (IRO output goes 
low), If enabled, when the GET command IS detected 
Thus, dsel Inhibits the GET status condition, but not 
the associated Interrupt The result IS a "ghost Inter­
rupt" whenever the controller sends the GET com­
mand. The MH mask set, when In dsel mode, Inhibits 
both GET status and ItS associated Interrupt and 
eliminates thiS "ghost Interrupt." 
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6 hold-on-all-data (hlda) 
Wher. In the listener mode, the GPIA provides a 

means of holding off the handshake on reception of 
data until the MPU releases the handshake This mode 
occurs If the hlda (hold-on-all-data) bit In R2W IS set 
The MPU releases the handshake by writing rfdr 
(ready-for-data-release) In R3W high In the GG mask 
verSion, If while receiving data In the listener mode the 
controller takes over synchronously and makes the 
GPIA a talker and then changes the GPIA at a later 
time, back to a listener, the RFD handshake will be 
held off on the listener command rather than waiting 
for the first data byte The M H mask only holds off the 
handshake on data and does not hold off the hand­
shake on any command 

7 new-byte-avallable (nba) DUring a Serial Poll 
In the GG mask verSion, If the GPIA had been In the 

talker active state prior to the controller conducting a 
serial poll, It IS pOSSible for nba to be lost The situation 
IS as follows' If a byte of data has been written Into 
R7W and the controller takes over the bus syn­
chronously at SDYS (SH state diagram, Figure 3, 
page 20, IEEE-488 1978 SpeCification) to perform a 
serial poll, the GG mask version of the GPIA Will res­
pond In one of two ways 

a) If the controller never requests the contents of 
the Serial Poll Register from the GPIA, and 
when the GPIA IS returned as a talker, the data 
In R7W IS available to the listeners on the bus 
(Data byte IS not destroyed) 

b) If the controller requests the contents of the 
Senal Poll Register from the active talker, when 
the controller returns the GPIA to the Active 

Talker State, the data which was In R7W Will 
have been handshaked as though It had been 
accepted by the active listeners (data byte Will 
be destroyed) 

The anginal IEEE Standard had a discrepancy as to what 
happens to thiS data byte (nba) under these circumstances 
ThiS discrepancy has been alleViated The MH mask con­
forms to the latest revIsion and does not destroy the data In 

R7W when a Serial Poll occurs, Ie, If In T ACS With a nba 
pending when the controller releases the bus to the talker, 
the byte In R7W will be transferred, via handshake, to the 
Irsteners (data byte IS not destroyed) 

SOFTWARE DIFFERENCES BETWEEN MASK SETS 

The seven changes mentioned In the prevIous sections are 
the only changes from the GG to the MH mask set All of 
these changes except number 3 (TPAS and LPAS status 
bits) are transparent to the user software. 

The change to TPAS and LPAS status bits IS a functional 
change. In the GG mask, user software could mOnitor LPAS 
and TPAS for address recognition In the primary address 
mode because LPAS IS set as soon as the GPIA receives ItS 
Listen Address (MLA) and TPAS IS set as soon as the GPIA 
receives ItS Talker Address (MTA), Ie, the LPAS bit IS set 
when the GPIA enters LADS and the TPAS bit IS set when 
the GPIA enters TADS. In the MH mask set these bits do not 
report LADS/T ADS and as such they can only be used In the 
extended address mode In the pnmary address mode the 
software for the MH mask set should monitor LACS/TACS 
(bits 2 and 3 of the address status register) rather than 
LPAS/TPAS. TACS/LACS indicates when the deVice IS In 
the Talker/ Listener Active State 

MECHANICAL DATA 

ORDERING INFORMATION 

MC68A488P 

Motorola Integrated Circuit ~TTI r 
M6800 Family ----------'- I 
Blanks=1 0 MHz ________ --' 

A = 1 5 MHz 
B=20MHz 
DeVice Oeslgnatlon -------­
In M6800 Family 

Package --------------' 
P = PlastiC 
S = Cerdlp 
L = CeramiC 

BETTER PROGRAM 

Better program procesSing IS available on all types listed Add 
suffiX letters to part number 

Level 1 add "S" Level 2 add "0" Level 3 add "OS" 

Level 1 "S" = 10 Temp Cycles - 1- 25 to 150°CI, 
HI Temp testing at T A max 

Level 2 "0" = 168 Hour Burn-In at 125°C 
Level 3 "OS" = Combination of Level 1 and 2 

Speed Device 

1.0 MHz MC68488P, S 
MC68488CP, CS 

1.5 MHz MC68A488P, S 
MC68A488CP, CS 

2.0 MHz MC68488P, S 
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Temperature Range 

O°C to 70°C 
- 40°C to + 85°C 

O°C to 70°C 
- 40°C to + 85°C 

o to +70°C 



PIN ASSIGNMENT 

MC68488 

vss IRO 

RS2 

RS1 

RSO 

IBO 

IB1 

IB2 

IB3 

IB4 

DB3 IB5 

IB6 

DB5 IB7 

DB6 TlRl 

DB7 T/R2 

DMA Request ATN 

DAV EOI 

DAC TRIG 

RFD SRO 

RESET RfN 

Vee IFe 
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Technical Summary 
Cable Driver/Receiver 

The MC6898 is a peripheral device providing single-ended, 48-mA, small computer system inter­
face (SCSI) cable drivers/receivers in a single chip. The MC6898 is used to interface the MC68HC99 
hard disk controller (HDC) to an SCSI bus, enhancing its effectiveness as an HDC (see Figure 1). In 
addition, mode, parity, and encoded ID inputs to the MC6898 are used to initialize the MC68HC99 
after reset. The ID inputs are also decoded and driven onto the SCSI bus during arbitration. 

The MC6898 conforms to all requirements of the ANSI X3T9.2 SCSI standard. Use of the MC6898 
greatly reduces the number of chips needed to interface the MC68HC99 to other SCSI devices. 

This technical summary contains limited information on the MC6898. Major hardware features of 
the MC6898 SCSI receiver/driver are as follows: 

• 48-mA Single-Ended Drivers/Receivers 
• 52-Pin PLCC Package for Shock and Vibration Resistance 
• Internal Logic to Drive the MC6899 Mode Select Signals, SCSI ID Signals, and Parity Disable 

Signal at Reset 

TO 
SCSI 

CABLE 

BLOCK DIAGRAM 

102 101 100 PAREN 

MODEl MODE2 

RSTOUT ---+-----i 
C/O 
MSG 
REO 
ACK 
I/O_IN/MODE2 
I/O_OUT 
BSYIN 
BSYOUT 
SELIN 
SELOUT 
ATN/MODEl 

MC6898 

TO 
MC68HC99 
HOC 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC68HC99 

PORT C SERIAL DATA PORT 

Figure 1. Basic SCSI Interface 

SIGNAL DESCRIPTION 

The following paragraphs contain a description of the 
MC6898 signals. 

VOO 
VDD supplies + 5.0 Vdc power to the MC6898. The ac­

tual operational range of the power supply is specified 
in the maximum ratings table (see ELECTRICAL CHAR­
ACTERISTICS). 

VSS 
VSS pins provide a current return path for the MD6898 

power supply. All signal levels are referenced to VSS. 

RESET (RST, RSTOUT) 

RST is an input signal that, when asserted, causes 
DBo-DB7, DBP and DB3-DB7 to be driven to their quies­
cent state. The assertion of RST also forces the values 
on the IDo-ID2, PAREN, MODE1, and MODE2 pins to be 
driven on the DBo-DB2, DBP, ATN/MODE1, and I/O_INI 
MODE2 pins, respectively. RSTOUT is an output signal 
that reflects the value of the RST pin. 

SCSI BUS 10 (100-102) 

IDo-ID2 are input signals used to determine the SCSI 
device ID of the MC68HC99. When RST is asserted, the 
values on the IDo-ID2 pins are latched by the MC6898 
and driven onto the DBo-DB2 pins, respectively. The SCSI 
ID is determined according to Table 1. 

Table 1. HOC SCSI Bus 10 

102 101 100 Bus 10 

0 0 0 0 
0 0 1 1 
0 1 0 2 
0 1 1 3 
1 0 0 4 
1 0 1 5 
1 1 0 6 
1 1 1 7 

NOTE: In columns 1-3, a value of zero equals 
logic low; one equals logic high. 

MODE SELECT (MOOE1, MOOE2) 

MODE1 and MODE2 are input signals used to deter­
mine the operating mode of the MC68HC99. When RST 
is asserted, the values on the MODE1 and MODE2 pins 
are driven onto the ATN/MODEl and I/O_IN/MODE2 pins, 
respectively. The operating mode of the MC68HC99 is 
then determined according to Table 2. 

Table 2. HOC Mode Selection 

MODEl MODE2 Mode 
Pin Pin Selection 

0 0 Expanded 3 
0 1 Expanded 2 
1 0 Expanded 1 
1 1 Single-Chip 

NOTE: In columns 1 and 2, a value of zero 
equals logic low; one equals logic 
high. 
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PARITY SELECT (PAREN) 
PAREN is an input signal used to enable/disable the 

parity check function of the MC68HC99. When RST is 
asserted, the value on the PAREN pin is driven on the 
DBP pin. Parity is enabled when PAREN is logic low. Data 
bus parity is always odd. 

SCSI DISABLE (DISABLE) 
DISABLE is an input signal used to drive the DBo-DB7, 

DBP, and REO pins to their inactive states. When DISABLE 
is asserted, the values on the C/D, MSG, and I/O_OUT 
pins are latched and driven (inverted) on the C/D, MSG, 
and I/O pins, respectively. Also, the level on the ACK pin 
reflects the level on the REO pin when DISABLE is as­
serted. 

SCSI DATA BUS (DBO-DB7, DBP, DBO-DB7, DBP) 
DBo-DB7 and DBP are open-collector-type, bidirec­

tional signals. DBo-DB7 and DBP are also bidirectional 
signals. These signals collectively form the SCSI data 
bus; their function is determined in Table 3. 

SELECT (SEL, SELIN, SELOUT) 
SEL is an open-collector-type, bidirectional signal. SE­

LIN and SELOUT are output and input signals, respec­
tively. These signals collectively form the SCSI SELECT 
signal. The SELIN pin always reflects the inverted level 
of the SEL pin. The level on the SELOUT pin is inverted 
and driven onto the SEL pin. The SEL pin, as an open­
collector output, can only drive to the 129lP-low level. A 
terminating resistor should be used on SEL. Refer to the 
ANSI X3T9.2 SCSI specifications for proper use of ter­
minating resistors. 

BUSY (BSY, BSYIN, BSYOUT) 
The relationship among the BUSY signals, BSY, BSYIN, 

and BSYOUT, is exa.£!y the same as the relationship de­
scribed in SELECT (SEL, SELIN, SELOUT). 

1~::'UT/O'JTrUT (110, I/O_I;~/i,:aui;2, I/O_QU.) 
The relationship among the I/O signals, I/O, I/O_IN/ 

MODE2, and I/O_OUT is exac'!!y-the same as the rela­
tionship described in SELECT (SEL, SELIN, SELOUT). The 

single exception is that when RST is asserted, I/O_IN/ 
MODE2 reflects the value of the MqDE2 pin. 

COMMAND/DATA (C/D, C/O) 
ci5 is an open-collector-type output signal used on the 

SCSI cable. C/D is an input signal. The level on the C/D 
pin is inverted and driven on the C/O pin. Since it is an 
open-collector-type signal, C/O can only drive logic low. 
A terminating resistor should be used on C/O. Refer to 
the ANSI X3T9.2 SCSI specifications for proper use of 
terminating resistors. 

MESSAGE (MSG, MSG) 

The relationship between the MESSAGE signals, MSG 
and MSG, is exactl'i the same as that described in COM­
MAND/DATA (C/D, C/D). 

REOUEST (REO, REO) 
The relationship between the REOUEST signals, REO 

and REO, is exactly the same as that described in COM­
MAND/DATA (C/D, C/D). 

ACKNOWLEDGE (ACK, ACK) 

ACK is an open-collector-type input signal used on the 
SCSI cable. ACK is an output signal that reflects the in­
verted value on the ACK pin. When DISABLE is asserted, 
ACK reflects the state of the REO pin. A terminating re­
sistor should be used on ACK. Refer to the ANSI X3T9.2 
SCSI specifications for proper use of terminating resis­
tors. 

ARBITRATION/SCSI DATA BUS ENABLE (ARB/SDBEN) 

ARB/SDBEN is an input signal which, in conjunction 
withRST, DISABLE, and I/O_OUT, defines the function of 
the SCSI data bus (DBo-DB7, DBP and DBo-DB7, DBP). 
This function is clearly shown in Table 3. 

ATTENTION (ATN, ATN/MODE1) 
ATN IS an open-collector-type signal used on the SCSI 

cable. ATN/MODE1 is an output signal that reflects the 
inverted value on the ATN pin. When RST is asserted, 
ATN/MODE1 reflects the value of the MODE1 pin. 

Table 3. SCSI Data Bus Signal Functions 

Determining Signal States Functions of DBO-DB7, DBP, 
RST DISABLE li~_OUT ARB' DBO-DB7 and DBp2 

0 X X X Inactive: DBG-DB7, DBP, and DB3-DB7. DBG-DB2 reflect 
values of 1OG-ID2. DBP reflects the value of PAREN. 

1 0 X X Inactive: DBG-DB7, DBP, DBG-DB7, and DBP 

1 1 0 0 Values of DBG-DB7 and DBP are inverted and driven onto 
DBG-DB7 and DBP, respectively. 

1 1 0 1 One pm of OBG-DB7 is asserted.3 Inactive: All others. 

1 1 1 0 Values of DBG-OB7 and OBP are inverted and driven onto 
DBG-DB7 and DBP, respectively. 

1 1 1 1 Illegal Combination 

NOTES: 
1. !n.Ia~. zerQ..gguals logic low; one equals logic high; and X indicates that the value does not matter. 
2. DBG-DB7 and OBP are open-collector-type pins. Only a logic-low level can be driven. Terminating resistors should 

be used on these signals. Refer to the ANSI X3T9.2 SC§!2peciflcations for proper use of terminating resistors. 
3. The decoded value of IDG-102 determines which pin of OBG-OB7 is asserted. If the combined hexadecimal value of 

IDG-102 is zero, then DBO is asserted. If the decoded value is two, then OB2 is asserted, etc. 
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ELECTRICAL CHARACTERISTICS 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Supply Voltage VDD -0.3 to +7.0 V 

Input Voltage Vin -0.3 to VDD +0.5 V 

Operating Temperature Range TA o to 70 °C 

Storage Temperature Range Tstg -55 to + 150 °C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value Unit 

Thermal Resistance 
PLCC 6JA 50 °CIW 

DC ELECTRICAL CHARACTERISTICS (VDD=5.0 Vdc±5%; VSS=O Vdc; TA=O to 70°C) 

Characteristic 

Output Voltage 
DB0-DB7, DBP, C/O, MSG, REO, 116, BSY, SEL ILoad=48 rnA 
DB0-DB7, DBP, RSTOUT, ACK, 1/0_IN/MODE2, BSYIN, SELIN, 
ATN/MODEl ILoad = 1.6 rnA 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
It IS advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum-rated voltages to 
this high-impedance circuit. Reliability of 
operation is enhanced If unused inputs 
are tied to an appropriate logic voltage 
level (e g., either GND or VDD). 

Symbol Min Max Unit 

VOL - 0.4 \f 

VOL - 0.4 
ILoad = - 800 Jl.A VOH 24 -

Input High Voltage VIH 2.0 -
Input Low Voltage VIL - 0.8 

Three-State Leaka~ _______ 10Z 20 200 
DB0-DB7, DBP, C/D, MSG, REO, 1/0, BSY, SEL 

In~Leakage __ lin - ±10 
RST, ACK, ATN, ID0-ID2, CID, PAREN, ARB/SDBEN, DISABLE, I/O_OUT, MSG, REO, 
BSYOUT, SELOUT, MODEl, MODE2 

Input Capacitance Cin - 15 

Power Dissipation (excluding 1/0 port) PD - 50 

OPEN DRAIN OUTPUTS ALL OTHER OUTPUTS 

TEST 
POINT 

VDD 

825 n 

I 
90 pF 

TEST 
POINT 

90 pF 

Figure 2. Test Load 

3 Kl! 

MMD7000 
OR EQUIVALENT 
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TRANSITION TIMING (see Figure 3) 

Timing Power Dissipation (tPD) 

Input Output Max Unit 

SELOUT SEL 30 ns 
BSYOUT BSY 30 ns 
I/O_OUT iio 30 ns 

MSG MSG 30 ns 
C/D C/O 30 ns 

SEL SELIN 40 ns 
BSY BSYIN 40 ns 

REO REO 40 ns 
ACK ACK 50 ns 

DBO--DB7, DBP DBO--DB7, DBP 80 ns 
DBO--DB7, DBP DBO--DB7, DBP 40 ns 

RST RSTOUT 60 ns 

ATN ATN/MODE1 80 ns 
i/o I/O_OUT/MODE2 80 ns 

NOTE: All input timing is referenced to 0.8 V and 2.0 V. All 
output timing is referenced to 0.8 V and 2.0 V, except 
open-drain outputs, which are referenced to 0.5 V and 
5.0 V, with the test loads shown in Figure 2. 

INPUT >< 
OUTPUT 

Figure 3. Transition Timing 

tpo 
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ORDERING INFORMATION (TA=G-70°C) 

Package Type 

PLCC 
FN Suffix 

PIN ASSIGNMENT 

REG 

VSS 
C/O 
SEL 

MSG 
RST 

ACK 

BSY 

ATN 
DBP 

VSS 

DB7 

DB6 

Order Number 

MC6898FN 

7 6 5 4 2 0 52 51 50 49 48 47 

21 22 23 24 25 26 27 28 29 30 31 32 33 

46 DB4 
45 DB3 

44 DB2 

43 DB1 

42 DBO 

41 SELOUT 

40 

39 

38 

37 

36 

35 
34 

BSYOUT 

I/O_OUT 

C/O 

MSG 

ARB/SDBEN 

DISABLE 

VSS 
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Technical Summary 
Motorola's MC68HC99 hard disk controller (HDC) provides an economical solution to the problem of controlling one or 

more hard disks. The high-speed, low-cost HCMOS technology of the MC68HC99 replaces the multiple-chip set small 
computer system interface (SCSI) controller solutions used in current board-level and embedded controller designs. The 
following block diagram shows how the HDC incorporates all the elements of a disk controller in a single package. 

Some hardware and software features of the MC68HC99 are as follows: 
• High-Speed Serial Data Controller 
• Low-Power HCMOS Technology 
• Reed-Solomon Error Detection/Correction 
• Two On-Chip 528-Byte Rotating Data Buffers 
• MC68HC11 Central Processing Unit (CPU) with 256 Bytes of Random-Access Memory (RAM) 
• MC68HC11 Core with 12K Bytes of Read-Only Memory (ROM) 
• 16-Bit timer with Input Capture and Output Compare Functions 
• Programmable Host Interface 

- Suitable for Both SCSI and Non-SCSI Applications 
- Completely SCSI Compatible 

• Four Operating Modes 
- Single Chip 
- Simple Expanded (for External Peripheral Devices) 

ROM Expanded (for Additional Firmware Space) 
- ROM Expanded with Timer (Adds External Timer Functions) 

lUll1l1 
SERIAL DATA 
CONTROLLE~ 

CXJ 
Cl 
:I: 

I 

BLOCK DIAGRAM 

ThiS document contains information on a new product. SpeCifications and information herein are subject to change Without notice. 
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SIGNAL DESCRIPTION 

Voo AND VSS 

Power is supplied to the HDC using these two pins. 
VDD is the power input (+ 5.0 V), and VSS is ground. 

CLOCK INPUT (ClK) 

Clock input must be a transistor-to-transistor logic (TIL) 
compatible signal that is internally buffered to develop 
the internal clocks needed by the HDC. This clock input 
should not be gated off at any time. 

E-ClOCK (E) 

This clock output signal provides a timing reference for 
CPU bus cycles on the expanded bus. When E is low, an 
internal cycle is taking place. High E indicates that an 
external bus access is taking place. E is valid regardless 
of which mode the HDC is configured to operate in. 

RESET (RST) 

This input signal is used to reset the HDC. A logic low 
on this pin preemptively resets the HDC and drives all 
outputs to their quiescent state. 

ADDRESS STROBE (AS) 

This output signal is used to demultiplex data signals 
from ports Band C. AS is high one-eight of a cycle after 
the falling edge of E, and low one-eight of a cycle before 
the rising edge of E. AS is used to capture low-order 
address information with a transparent latch. AS is valid 
regardless of which mode the HDC is configured to op­
erate in. 

REAOIWRITE (RIW 
This output signal controls the direction of transfers on 

the external data bus. A high on this pin indicates a read 
cycle; a low indicates a write cycle. RIW is valid regard­
less of which mode the HDC is configured to operate in. 

HOST DATA BUS (HDBO-HDB7, HDBP) 

The host data bus consists of eight data signals (HDBO­
HDB7), and a parity signal (HDBP). This bus is used to 
transfer commands, status, and data between the HDC 
and its host computers. Internally, the host data bus con­
nects with the host data buffers and with the host data 
register (HDR). 

HOST-INTERFACE INPUT/OUTPUT PINS (HIPO-HIP3, 
HOPO-HOP5) 

The HDC host interface includes four input signals (HIPO­
HIP3) and six output signals (HOPO-HOP5). Each input 
signal has a corresponding bit in the host status register 
(HSR). Each output signal has a corresponding bit in the 
host pin control register (HPCR). When the HDC is used 
as an SCSI controller, the output signals drive the select 
(SEl), busy (BSY), input/output (I/O), command (CMD), 
and message (MSG) signals. Under the same conditions, 
the input signals monitor the SEl, BSY, I/O, and attention 
(ATN) signals. 

TRANSFER REOUEST (REO) AND ACKNOWLEDGE (ACK) 

The output signal, REQ, and input signal, ACK, are used 
to transfer data asynchronously between the HDC data 
buffers and the host computer. 

SERIAL INTERFACE SIGNALS 
The following are the high-speed serial data controller 

signals. Three of these signals, NRZ DATA, WRT ClK, 
and ADDR MARK ENABLE must be of equal current and 
capacitance in order to maintain timing relationships. 

Nonreturn To Zero Data (NRZ DATA) 

This bidirectional signal transfers serial NRZ data be­
tween the HDC and the disk. 

Read/Reference Clock (RD/REF ClK) 

This input signal from the disk determines the data 
transfer rate. 

Write Clock (WRT ClK) 

This output signal is derived from the reference clock 
input. It is supplied prior to beginning a write data op­
eration and exists for the duration of the write operation. 

Read Gate (RD GATE) 

When asserted, this active-low output signal indicates a 
disk read operation. 

Write Gate (WRT GATE) 

When asserted, this active-low output signal indicates 
a disk write operation. 

Index Detect (INDEX) 

This input signal, when asserted, Indicates the begin­
ning of a track on the disk. 

Sector/Address Mark Found (SCTR/ADDR MRK FND) 

This input signal is dependent on the type of disk at­
tached to the HDC. With a hard-sectored disk, this signal 
indicates the beginning of a sector. With a soft-sectored 
disk, this signal is driven by an external ADDRESS MARK 
DETECT circuit. 

Address Mark Enable (ADDR MARK ENABLE) 

The function of this input signal is dependent on the 
type of disk attached to the HDC and the programmed 
operation of the HDC. 

If the HDC is programmed for the soft-sectored en­
hanced small disk interface (ESDI) disk format and the 
~ation is write format, then thiS signal, asserted with 
WRT GATE, causes the ESDI disk to write an address 
mark. Negation of ADDR MARK ENABLE with WRT GATE 
asserted indicates the beginning of an ID PlO sync field. 
In all functions other than write format, ADDR MARK 
ENABLE is asserted instructing the soft-sectored ESDI 
disk to search for an address mark field. 

If the HDC is programmed for the hard-sectored ESDI 
disk format and the operation is write format, then ADDR 
MARK is asserted during the preamble field to indicate 
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the beginning of an ID PLO sync field. AD DR MARK EN­
ABLE is not asserted in operations other than write for­
mat. 

If the HDC is programmed for the ST-506 disk format 
and the operation is write format, then ADDR MARK EN­
ABLE is asserted with WRT GATE for one bit time during 
the sixth bit of the address mark field. This pulse is used 
externally to generate an illegal clock pattern that con­
stitutes a unique address mark. 

INPUT/OUTPUT PROGRAMMING 

Three of the five I/O parallel port registers available 
with the MC68HC99 HDC are used in the serial data con­
troller and the host interface. The function of the re­
maining parallel ports, Band C, is dependent on the 
operating mode selected. 

SINGLE-CHIP MODE 

The single-chip mode allows only the on-chip resource 
shown in the block diagram to be available to the HDC. 
The CPU fetches interrupt vectors and executes its code 
from the ROM. 

In this mode, port B pins 0-7 are general-purpose I/O 
pins. Pins PB6 and PB7 can be programmed to function 
as the timer capture input signal (TCAP) and the timer 
compare output signal (TCMP), respectively. This repro­
gramming is accomplished by setting the TCAPITCMP 
enable (TEN) bit of the highest priority interrupt register 
(HPIR). 

All port C pins are general-purpose I/O pins in this mode. 

EXPANDED MODE 1 

Expanded mode 1 uses the internal ROM for user firm­
ware and CPU fetches of all interrupt vectors. Additional 
peripheral devices or memory can be added via the ex­
panded bus. 

In thiS mode, all port B pins (0-7) act as high-order 
address output pins. During each MCU cycle, bits 8-15 of 
the address are output on PBO-PB7. 

All port C pins are configured as multiplexed address/ 
data pins. During the address portion of each microcom­
puter unit (MCU) cycle, bits 0-7 of the address are output 
on PCO-PC7. During the data portion of the MCU cycle (E 
high), bits PCO-PC7 are bidirectional data pins controlled 
by the RfW signal. 

EXPANDED MODE 2 

Expanded mode 2 uses external memory for CPU 
fetches of firmware and interrupt vectors. After reset, the 
internal ROM is left in the memory map. This ROM can 
be removed from the memory map by setting the remove 
internal ROM (REM ROM) bit of the HPIR. This removal 
adds 12K to the external memory space. 

All of the port B pins (0-7) act as high-order address 
output pins. During each MCU cycle, bits 8-15 of the ad­
dress are output on PBO-PB7. 

All port C pins are configured as multiplexed address/ 
data pins. During the address portion of each MCU cycle, 
bits 0-7 of the address, are output on PCO-PC7. During 

the data portion of the MCU cycle (E high), bits PCO-PC7 
are bidirectional data pins controlled by the RfW signal. 

EXPANDED MODE 3 

Expanded mode 3 is the same as expanded mode 2, 
except for the configuration of parallel port B. 

Port B pins 0-5 act as high-order address output pins. 
During each MCU cycle, bits 8-13 of the address, are 
output on PBO-PB5. PB6 and PB7 are configured as mul­
tiplexed, high-order address/timer pins. During the ad­
dress portion of each MCU cycle, bits 14 and 15 of the 
address are output on PB6 and PB7, respectively. During 
the data portion of the MCU cycle (E high), PB6 is TCAP 
(input), and PB7 is TCMP (output) for the timer. 

All port C pins function the same way as in expanded 
mode 2. 

NOTE 

When the HDC is configured to operate in any of 
the expanded modes, data written to the internal 
registers and internal RAM is also driven onto the 
external data bus. If data is written to the internal 
ROM while the REM ROM bit in the HPIR is logic 
zero, the data is not driven onto the external bus. 

MEMORY 

The MC68HC99 HDC has 12K bytes of available ROM 
and 256K bytes of available RAM. The memory is mapped 
for the HDC single-chip mode as shown in Figure 1, for 
the expanded mode 1 as shown in Figure 2, and for ex­
panded modes 2 and 3 as shown in Figure 3. 

REGISTERS 

The CPU of the HDC uses the baSIC core of the 
MC68HC11 microcomputer. Seven CPU registers are 
available to programmers, see Figure 4. 

ACCUMULATORS A AND B 

Accumulators A and B are general-purpose 8-bit reg­
isters used to hold operands and results of arithmetic 
calculations or data manipulations. The two accumula­
tors can be concatenated into a single 16-bit accumulator 
called the D accumulator. 

INDIRECT REGISTER X (IX) 

The 16-bit IX register is used for indexed mode ad­
dressing. It provides a 16-bit indexing value that is added 
to an 8-bit offset in an instruction to create an effective 
address. The IX register can also be used as a counter 
or as a temporary storage register. 

INDIRECT REGISTER V (IV) 

The 16-bit IV register is also used for indexed mode 
addressing, similar to the IX register. All instructions us­
ing the IV register require an extra byte of execution time 
because these instructions use off-page addressing. 
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$0000 

$003F 

$0040 

$013F 

$0140 

$CFFF 
$0000 

$FFBF 
$FFCO 

$FFFF 

REGISTERS 

RAM 
256 BYTES 

IRESERVEDI 

" 

USER ROM > 

USER VECTORS 
64 BYTES 

/ 

MC68HC99 

PORT C DIRECTION REGISTER 
PORT B DIRECTION REGISTER 

PORT C DATA REGISTER 
PORT B DATA REGISTER 

HOST GENERAL CONTROL REGISTER 
HOST PIN CONTROL REGISTER 

HOST STATUS REGISTER 
HOST DATA REGISTER 

HOST DATA PARITY REGISTER 
(RESERVED) 

(RESERVED) 
(RESERVED) 

ECC CONTROL REGISTER 
(RESERVED) 

ECC DATA REGISTER 
(RESERVED) 

TIMER CONTROL REGISTER 
TIMER STATUS REGISTER 

TIMER INPUT CAPTURE HIGH REGISTER 
TIMER INPUT CAPTURE LOW REGISTER 

TIMER OUTPUT COMPARE HIGH REGISTER 
TIMER OUTPUT COMPARE LOW REGISTER 

TIMER COUNTER HIGH REGISTER 
TIMER COUNTER LOW REGISTER 

TIMER ALT COUNTER HIGH REGISTER 
TIMER ALT COUNTER LOW REGISTER 

(RESERVED) 
(RESERVED) 
(RESERVED) 
(RESERVED) 

BUFFER GENERAL CONTROL REGISTER 
BUFFER STATUS REGISTER 

BUFFER ADDRESS PRESET HIGH REGISTER 
BUFFER ADDRESS PRESET LOW REGISTER 

TRACK BLOCK COUNTER REGISTER 
BUFFER 1 ADDRESS HIGH REGISTER 
BUFFER 1 ADDRESS LOW REGISTER 
BUFFER 2 ADDRESS HIGH REGISTER 
BUFFER 2 ADDRESS LOW REGISTER 

BUFFER 1 DATA REGISTER 
BUFFER 2 DATA REGISTER 

(RESERVED) 
(RESERVED) 
(RESERVED) 
(RESERVED) 
(RESERVED) 

SERIAL UNIT CONFIGURATION REGISTER 
SERIAL UNIT FUNCTION REGISTER 

SERIAL UNIT STATUS REGISTER 
SERIAL UNIT ADDRESS COUNTER REGISTER 

SERIAL UNIT VALUE RAM REGISTER 
SERIAL UNIT LENGTH RAM REGISTER 

(RESERVED) 

(RESERVED) 
(RESERVED) 
(RESERVED) 
(RESERVED) 
(RESERVED) 
(RESERVED I 
(RESERVED) 
(RESERVED) 

INTERRUPT PRIORITY REGISTER 

Figure 1. HOC Single-Chip Mode Memory Map 
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$00 
$01 
$02 
$03 
$04 
$05 
S06 
$07 

S08 
S09 
SOA 
SOB 
SOC 
SOD 
SOE 
SOF 
S12 
S13 

S14 
SIS 
S16 
S17 

II S18 
S19 

SIA 
SlB 
SlC 
SlD 
SIE 
SlF 

S20 
S21 
S22 
S23 
S24 
S25 
S26 
S27 

S28 
S29 

S2A 
S2B 
S2C 
$20 

$2E 
$2F 
$30 
$31 
$32 

$33 
$34 
$35 

536 
$37 

$38 
$39 
$3A 
$3B 

53C 
$30 
53E 
$3F 



II 

SOOOO 

S003F 

$0040 

som 
S0140 

scm 
SOOOO 

SFFBF 
SFFCO 

SFFFF 

REGISTERS 

RAM 
256 BYTES 

(EXTERNAL) 
USER-DEFINED 

USER ROM 

USER VECTORS 
64 BYTES 

12288 BYTES 

MC68HC99 

SERIAL DATA 
CONTROLLER 

6 BYTES 
PRIORITY 

INTERRUPT 
CONTROL 

I BYTE 

SOOOO 

SOO3F 

(EXTERNAL) USER-DEFINED 
(EXTERNAL) USER-DEFINED 
(EXTERNAL) USER-DEFINED 
(EXTERNAl) USER-DEFINED 

HOST GENERAL CONTROL REGISTER 
HOST PIN CONTROL REGISTER 

HOST STATUS REGISTER 
HOST DATA REGISTER 

HOST DATA PARITY REGISTER 
(RESERVED) 

(RESERVED) 
(RESERVED) 

ECC CONTROL REGISTER 
(RESERVED) 

ECC DATA REGISTER 
(RESERVED) 

TIMER CONTROL REGISTER 
TIMER STATUS REGISTER 

TIMER INPUT CAPTURE HIGH REGISTER 
TIMER INPUT CAPTURE LOW REGISTER 

TIMER OUTPUT COMPARE HIGH REGISTER 
TIMER OUTPUT COMPARE LOW REGISTER 

TIMER COUNTER HIGH REGISTER 
TIMER COUNTER LOW REGISTER 

TIMER ALT COUNTER HIGH REGISTER 
TIMER ALT COUNTER LOW REGISTER 

IRESERVED) 
(RESERVED) 
IRESERVED) 
(RESERVED) 

BUFFER GENERAL CONTROL REGISTER 
BUFFER STATUS REGISTER 

BUFFER ADDRESS PRESET HIGH REGISTER 
BUFFER ADDRESS PRESET LOW REGISTER 

TRACK BLOCK COUNTER REGISTER 
BUFFER 1 ADDRESS HIGH REGISTER 
BUFFER 1 ADDRESS LOW REGISTER 
BUFFER 2 ADDRESS HIGH REGISTER 

BUFFER 2 ADDRESS LOW REGISTER 
BUFFER 1 DATA REGISTER 
BUFFER 2 DATA REGISTER 

(RESERVED) 
IHt~tHVI:LJ) 

(RESERVED) 
IRESERVED) 
(RESERVED) 

SERIAL UNIT CONFIGURATION REGISTER 
SERIAL UNIT FUNCTION REGISTER 

SERIAL UNIT STATUS REGISTER 
SERIAL UNIT ADDRESS COUNTER REGISTER 

SERIAL UNIT VALUE RAM REGISTER 
SERIAL UNIT LENGTH RAM REGISTER 

IRESERVED) 

(RESERVED) 
(RESERVED) 
(RESERVED) 
(RESERVED) 
(RESERVED) 
(RESERVED) 
(RESERVED) 
(RESERVED) 

INTERRUPT PRIORITY REGISTER 

Figure 2. HOC Expanded Mode 1 Memory Map 
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SOO 
SOl 
S02 
S03 
S04 
S05 
$06 
S07 
S08 
S09 
$OA 
SOB 
SOC 
SOD 
SOE 
SOF 
$12 
513 

S14 
515 
516 
S17 
S18 
519 

51A 
SIB 
SIC 
SID 

SlE 
SIF 

S20 
521 
S22 
523 
524 
S25 
S26 
m 
528 
S29 
S2A 
S2B 
S2C 
S2D 
S2E 
S2F 
S30 
S31 
$32 

S33 
$34 
$35 

S36 
S37 

$38 
$39 
S3A 
$3B 

S3C 
$30 
S3E 
$3F 



SOOOO 

S003F 
$0040 

S013F 
$0140 

SBFBF 
$BFCO 

SBFFF 
SCOOO 

SCFFF 
SDOOO 

SFFFF 

REGISTERS 

RAM 
256 BYTES 

(EXTERNAl) 
USER-DEFINED 

USER VECTORS 
64 BYTES 

(EXTERNAl) 
USER-DEFINED! 

12288 BYTES 
USER-DEFINED 

AS 
INTERNAL ROM 
OR EXTERNAL 

MEMORY 

MC68HC99 

(EXTERNAL! 
4 BYTES 

HOST INTERFACE 
5 BYTf 

ECC 
2 BYTES 
TIMER 

10 BYTES 
DATA BUF E 

11 BYTES 
SERIAL DATA 
CONTROLLER 

6 BYTES 
PRIORITY 

INTERRUPT 
CONTROL 
1 BYTE 

SOOOO 

S003F 

(EXTERNAL! USER-DEFINED 
(EXTERNAL! USER-DEFINED 
(EXTERNAL! USER-DEFINED 
(EXTERNAl) USER-DEFINED 

HOST GENERAL CONTROL REGISTER 
HOST PIN CONTROL REGISTER 

HOST STATUS REGISTER 
HOST DATA REGISTER 

HOST DATA PARITY REGISTER 

(RESERVED! 

(RESERVED! 
(RESERVEDI 

ECC CONTROL REGISTER 
(RESERVED! 

ECC DATA REGISTER 
(RESERVED! 

TIMER CONTROL REGISTER 
TIMER STATUS REGISTER 

TIMER INPUT CAPTURE HIGH REGISTER 
TIMER INPUT CAPTURE LOW REGISTER 

TIMER OUTPUT COMPARE HIGH REGISTER 
TIMER OUTPUT COMPARE LOW REGISTER 

TIMER COUNTER HIGH REGISTER 
TIMER COUNTER LOW REGISTER 

TIMER ALT COUNTER HIGH REGISTER 
TIMER ALT COUNTER LOW REGISTER 

(RESERVEOI 
(RESERVEDI 
(RESERVEOI 
(RESERVEDI 

BUFFER GENERAL CONTROl REGISTER 
BUFFER STATUS REGISTER 

BUFFER ADDRESS PRESET HIGH REGISTER 
BUFFER ADDRESS PRESET LOW REGISTER 

TRACK BLOCK COUNTER REGISTER 
BUFFER 1 ADDRESS HIGH REGISTER 
BUFFER 1 ADDRESS LOW REGISTER 

BUFFER 2 ADDRESS HIGH REGISTER 
BUFFER 2 ADDRESS LOW REGISTER 

BUFFER 1 OAT A REG ISTER 
BUFFER 2 DATA REGISTER 

(RESERVED! 
(RESERVED! 
(RESERVED! 
(RESERVED! 
(RESERVED! 

SERIAL UNIT CONFIGURATION REGISTER 
SERIAL UNIT FUNCTION REGISTER 

SERIAL UNIT STATUS REGISTER 
SERIAL UNIT ADDRESS COUNTER REGISTER 

SERIAL UNIT VALUE RAM REGISTER 
SERIAL UNIT LENGTH RAM REGISTER 

(RESERVED! 

(RESERVED! 
(RESERVED! 
(RESERVED! 
(RESERVED! 
(RESERVED! 
(RESERVED! 
(RESERVED! 
(RESERVED! 

INTERRUPT PRIORITY REGISTER 

Figure 3. HOC Expanded Modes 2 and 3 Memory Map 
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SOD 
SOl 
S02 
S03 
S04 

S05 
S06 
S07 
S08 
S09 
SOA 
SOB 

SOC 
SOD 
SOE 

SOF 
SI2 
S13 
S14 
SI5 
S16 
S17 

II S18 
S19 

SIA 
SIB 

SIC 
SID 
SI E 
SI F 

S20 
S21 
S22 
S23 
S24 
S25 
S26 
S27 

S28 
S29 
S2A 
S2B 
S2C 
S2D 

S2E 
S2F 
S30 
$31 
$32 

$33 
$34 
$35 

S36 
$37 

$38 
$39 
S3A 
$3B 
$3C 
$30 
$3E 

S3F 



II 

A 

15 

15 

15 

15 

15 

PROGRAM COUNTER (PC) 

01 7 

D 

IX 

IY 

SP 

PC 

MC68HC99 

B ~ I 
01 

01 

01 
01 

8-BIT ACCUMULATORS A ANO B 
OR 16-BIT DOUBLE ACCUMULATOR D 

INDEX REGISTER X 

INDEX REGISTER Y 

STACK POINTER 

PROGRAM COUNTER 

CONDITION CODE REGISTER 

CARRY BORROW FROM MSB 
OVERFLOW 

L...-___ ZERO 
L...-____ NEGATIVE 

'------- INTERRUPT MASK 
'-------- HALF CARRY IFROM BIT 3) 

'--------- NOT USED IAlWAYS 1) 
'---------- NOT USED IAlWAYS 1) 

Figure 4. Programming Model 

The PC is a 16-bit register that contains the address of 
the next instruction to be executed. 

interrupts and subroutine calls. Each push decrements 
the stack; each pull increments it. Stacking order is shown 
in Figure 5. 

STACK POINTER (SP) 

The SP is a 16-bit register that contains the address of 
the next free location on the stack. The stack is configured 
as a sequence of LIFO read/write registers that allow im­
portant data, such as the PC and CCR, to be stored during 

SP 

SPI 
SP2 
SP3 
SP4 
SP5 
SP6 
SP7 
SP8 
SP9 

STACK 

PCl 
PCH 
IYL 
IYH 
IXl 
IXH 

ACCA 
ACCB 
CCR 

CONDITION CODE REGISTER (CCR) 

The CCR is an 8-bit register with each bit signifying the 
results of the instruction just executed. These bits are 
program testable, allowing specific action to be taken 
based on test results. The condition code register bits are 
given following. 

- SP BEFORE INTERRUPT 

- SP AFTER INTERRUPT 

Figure 5. Interrupt Stacking Order 
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Carry/Borrow (C). 

The C bit is set if a carry or borrow out of the arithmetic 
logic unit (ALU) occurred during the last operation. The 
C bit is also effected during shift and rotate instructions. 

Overflow (V) 

The V bit is set if an arithmetic overflow resulted from 
the last operation. Otherwise, the V bit is cleared. 

Zero (Z) 

The Z bit is set if the result of the last arithmetic, logic, 
or data operation was zero. Otherwise, the Z bit is cleared. 

Negative (N) 

The N bit is set if the result of the last arithmetic, logic, 
or data operation was negative. Otherwise, the N bit is 
cleared. 

INTERRUPT MASK (I) 

The I bit is set either by hardware or program instruc­
tion to disable (mask) all maskable interrupt sources, (both 
external and internal). 

Half Carry (H) 

The H bit is set when a carry occurs between bits three 
and four of the ALU during an ADD, ABA, or ADC instruc­
tion. Otherwise, the H bit is cleared. 

HOST INTERFACE 

The host interface provides the connection between the 
HDC and one or more host computers. Although the host 
interface conforms to the proposed ANSI X3T9.2 SCSI 
bus specification, it can operate with other interfaces. The 
HDC host interface consists of five registers through which 
the firmware is able to: 

• Control the host-interface operations, 
• Monitor and manipulate the host-interface control 

signals, and 
• Read or write the host-interface data bus. 

In addition to these registers, the host interface con­
tains special-purpose hardware that allows the HDC to 
function as an SCSI target device. 

NOTE 

As a convention, reset values for register bits in all 
MC68HC99 registers are defined as follows: 

0= Bit is reset to zero. 
1 = Bit is reset to one. 
U = Bit is not affected by reset. 
R = Bit value is determined by an input pin at re­

set. 

HOST GENERAL CONTROL REGISTER (HGCR) $0004 

The HGCR controls the host-interface interrupt activity. 
Bits HGCR5-HGCR7 are used only when the HDC is func­
tioning as an SCSI controller. 

6 5 4 

REC I ARBINT I SELINT I HSTINT I 

RESET. 
a 

(ATNINT} 

REC - Start Arbitration/Reconnection Operation Bit 
When the operation is completed, REC is cleared by 
the host interface and cannot be reset to zero by a 
CPU write to the HGCR. REC should be used only 
when the HDC is an SCSI controller. 

1 = Operation in progress 
0= Operation completed 

ARBINT - Arbitration Begun Interrupt Enable Bit 
ARBINT should be used only when the HDC is an 
SCSI controller. 

1 =Enable 
O=Disable 

SEll NT - Selection Interrupt Enable Bit 
SEll NT should be used only when the HDC is an SCSI 
controller. 

1 =Enable 
0= Disable 

HSTINT - Host Interrupt Enable (Attention Interrupt En­
able) Bit 

1 = Enable 
0= Disable 

Bits 3-0 - Not used. 
Unused bits in the HGCR always read as zeros. 

HOST PIN CONTROL REGISTER (HPCR) $0005 

The HPCR controls the output levels of the host output 
port pins (HOPo-HOP5) as well as the direction of bits 0-
7 of the host-interface data register and the data bus 
parity (DBP) bit in the host-interface data panty register. 

5 4 3 2 1 a 
I OOIR I I HOP5 I HOP4 I HOP3 I HOP2 I HOPl I HOPO I 

RESET 
a 

(ARBENI (MSG} (CMO} (lID Oun IBSYOUT) ISELOUT) 
HOBEN} 

DDIR - Data Register Direction Bit 
1 = The information in bits 0-7 of the host-interface 

data register and bit DBP of the host-interface 
data parity register is driven onto the 
HDBo-HDB7 and HDBP pins, respectively. 

0= The information in bits 0-7 of the host-interface 
data register and bit DBP of the host-interface 
data parity register reflects the levels on the 
HDBo-HDB7 and HDBP pins, respectively. 

Bit 6 - Not Used. 
Unused bits in the HPCR always read as zeros. 

HOP5 - Host-Interface Output Control Bit 5 
1 = Pin HOP5(ARB/HDBEN) is forced to a logic high 

level. 
0= Pin HOP5(ARB/HDBEN) is forced to a logic low 

level. 
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HOP4 - Host-Interface Output Control Bit 4 
1 = Pin HOP4(MSG) is forced to a logic high level. 
0= Pin HOP4(MSG) is forced to a logic low level. 

HOP3 - Host-Interface Output Control Bit 3 
1 = Pin HOP3(CMD) is forced to a logic high level. 
0= Pin HOP3(CMD) is forced to a logic low level. 

HOP2 - Host-Interface Output Control Bit 2 
1 = Pin HOP2(1!O_OUT) is forced to a logic high level. 
0= Pin HOP2(1!O_OUT) is forced to a logic low level. 

HOP1 - Host-Interface Output Control Bit 1 
1 = Pin HOP1 (BSYOUT) is forced to a logic high 

level. 
0= Pin HOP1 (BSYOUT) is forced to a logic low level. 

HOPO - Host-Interface Output Control Bit 0 
1 = Pin HOPO(SELOUT) is forced to a logic high level. 
0= Pin HOPO(SELOUT) isforcedto a logic low level. 

HOST STATUS REGISTER (HSR) $0006 

The HSR provides the status of the host input port pins 
(HIPO-HIP3). 

7 5 4 0 

I LOST I ARB I SELPH I HIP3E I HIP3 HIP2 HIP1 I HIPO I 
RESET 

o 

(ATNE) (ATN) (l/OJN) (BSYIN) (SELIN) 

u u u u 

LOST - Arbitration Lost Status Bit 
This bit denotes the failure of a host-interface arbi­
tration and reselection operation due to successful 
arbitration by a faster or higher priority SCSI device. 

LOST should be used only when the HDC is an SCSI 
controller. 

1 = Arbitration loss occured. 
0= Arbitration loss did not occur. 

ARB - Arbitration Begun Bit 
ARB should be used only when the HDC IS an SCSI 
controller. 

1 = Detection of an SCSI bus free phase by the host­
interface arbitration and reselection operation 
drives the ARB/SDBEN and BSYOUT pins to 
logic high levels. 

0= Bus free phase not detected. 
SELPH = Selection Phase Detected Bit 

SELPH should be used only when the HDC is an SCSI 
controller. 

1 = Host interface detects an SCSI selection phase. 
0= No SCSI selection phase detected. 

HIP3E - Host Input Port Bit 3 Edge Detected Bit 
1 = Host interface hardware detects a rising edge 

on the HIP3/MODEl(ATN/MODE1) pin. 
0= No rising edge detected on the HIP31 

MODEl(ATN/MODE1) pin. 
HIP3 - Host Input Port Bit 3 

HIP3 (ATN) is a read-only status bit. 
1 = Pin HIP3/MODEl (ATN/MODE1) is at a logic high 

level. 
0= Pin HIP3/MODE1 (ATN/MODE1) is at a logic low 

level. 

HIP2 - Host Input Port Bit 2 
HIP2(1/0 IN) is a read-only status bit. 

1 = Pin HIP2/MODE2(1!O IN/MODE2) is at a logic high 
level. 

0= Pin HIP2/MODE2(1/0 IN/MODE2) is at a logic low 
level. 

HIP1 - Host Input Port Bit 1 
HIP1 (BSYIN) is a read-only status bit. 

1 = Pin HIP1 (BSYIN) is at a logic high level. 
0= Pin HIPl(BSYIN) is at a logic low level. 

HIPO - Host Input Port Bit 0 
HIPO(SELlN) is a read-only status bit. 

1 = Pin HIPO(SELlN) is at a logic high level. 
O=Pin HIPO(SELlN) is at a logic low level. 

The LOST, ARB, SELPH, and, HIP3E(ATNE) bits are 
cleared by a read of the HSR followed by a write of zero 
to the desired bit(s). 

HOST DATA REGISTER (HDR) $0007 

The HDR provides the means to place data on the 
HDBO-HDB7 pins and to read data off the HDBO-HDB7 
pins. The data direction bit (DDIR) in the host pin control 
register (HPCR) determines whether the data in the HDR 
is driven on the HDBO-HDB7 pins or whether the data in 
the HDR reflects the levels on the HDBO-HDB7 pins. Bit 
7 in the HDR corresponds to HDB7 and so on. A one in 
any bit indicates the level on the corresponding pin is a 
logic high, while a zero in any bit indicates the level on 
the corresponding pin is a logic low. 

HOST DATA PARITY REGISTER (HDPR) $0008 

The HDPR provides the means to place the correct par­
ity on the HDBP pin in conjunction with the data in the 
HDR. Likewise, it can be used to monitor the level on the 
HDBP pin. It also provides information on whether or not 
parity is used on the host data bus, and it can store an 
encoded deVice ID. 

7 6 5 2 1 0 

I 102 I 101 I 100 I 
RESET. 

U HOBP HOB2 HOB1 HOBO 

DBP - Data Bus Parity Bit 
The DDIR bit in the HPCR determines whether the 
logic level on the DBP bit is driven onto the HDBP 
pin or reflects the logic level on the HDBP pin. 

1 = HDBP is high. 
0= HDBP is low. 

HDBPEN - Host Data Bus Parity Option Bit 
This read-only bit reflects the value of the HDBP pin 
at the rising edge of RESET. 

1 = Host data bus parity is enabled. 
0= Host data bus parity is disabled. 

Bits 5-3 - Not used. 
These bits always read as zero. 

ID2-0 - SCSI Bus Device Identification Bits 
These are read-only bits that reflect the state of the 
HDB2-0 pins at the rising edge of RESET. 
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HOC SCSI OPERATIONS 

The following paragraphs provide information on how 
to use the HDC host-interface as an SCSI target. The HDC 
host-interface is capable of disconnecting and recon­
necting and of detecting the SCSI selection, bus free, and 
attention phases. It can also perform the initial steps of 
the SCSI bus arbitration and reselection phases. The host 
interface provides the means: 

1) To determine the levels of the SCSI BSY, SEL, 110, 
and ATN signals and 

2) To drive the SCSI BSY, SEL, 1/0, CMD, and MSG 
signals. 

CONTROLLING THE SCSI BUS 

Once selected by an SCSI host, the HDC, as an SCSI 
target, controls the various types of information trans­
ferred on the SCSI data bus. The SCSI standard supports 
six information phases as follows: 

Data out (from the host) Data in (to the host) 
Command out Status in (to the host) 

(from the host) Message in (to the host) 
Message out (from the host) 

The HDC host interface selects the information phase 
with the arbitration enabledlhost data bus enabled (ARBI 
HDBEN), CMD, MSG, and 1/0 OUT signals as shown in 
Table 1. When the HDC is not communicating with a host, 
the APB/HDBEN, CMD, MSG, and I/O_OUT signals should 
be driven to a logic low level. All HDC host-interface sig­
nals are active high and should be inverted by the ex­
ternal hardware that drives the SCSI bus. 

Table 1. SCSI Bus Phase Control 

ARB/HOBEN CMO 

0 

0 

0 

1 

1 

1 

1 

NOTE: 
1 = Logic High 
O=Logic Low 

0 

1 

1 

0 

1 

1 

0 

MSG 

0 

0 

1 

0 

0 

1 

0 

I/O_OUT SCSI BUS PHASE 

0 Data Out 

0 Command 

0 Message Out 

1 Data In 

1 Status 

1 Message In 

0 * 

*When ARB/HOBEN is 1 and I/O_Out is 0, external hardware 
drives the HOC SCSI bus device 10 onto the SCSI data bus. 

All data is transferred between the HDC and the host 
using the HDC data buffers. Using the corresponding con­
trol bits in the HPCR, the ARB/HDBEN, CMD, MSG, and 
I/O OUT signals are driven to select the desired data phase. 
Then, the data buffers transfer the data. 

SERIAL DATA CONTROLLER 

The serial data controller provides a high-speed con­
nection between the HDC and a disk drive. This controller 

is a programmable unit that can work with several driven 
interfaces, such as ST-506, ESDI, and storage module 
device (SMD) interfaces, without CPU intervention. Op­
erations performed are read and write standard, read and 
write format, read and write long, and data search. 

The serial data controller consists of six registers 
through which the CPU can control serial operations. Three 
of these registers program the serial data operation, while 
the other three establish format parameters. 

SERIAL UNIT CONFIGURATION REGISTER (SUCR) $0030 

The SUCR selects the disk interface type. 

7 6 5 4 3 2 

RESET 
o 

I FIXED I ESDI 

SUCR 7-2 - Not used. 
Unused bits in the SUCR always read as zeros. 

FIXED - Disk Sector Type Bit 
The FIXED bit should not be set when the ESDI bit 
is cleared. 

1 = Hard-sectored 
a = Soft-sectored 

ESDI - Disk Data Format Type Bit 
1 = ESDI compatible disk 
0= ST-506 compatible disk 

SERIAL UNIT FUNCTION REGISTER $0031 

The serial unit function register (SUFR) selects and starts 
a serial data operation. 

RESET 
o 

START - Start Operation Bit 
The START bit always reads as a zero. 

1 = The serial data controller begins the operation 
defined by the ECC, DISCHCK, FORMAT, RD/ 
WRT, and SEARCH bits. 

a = Immediately after START is set to one, the serial 
data controller resets START to zero. 

ABORT - Abort Operation Bit 
Usually, ABORT will read as a zero. 

1 = The serial data controller aborts the current op­
eration within one sector time cycle, and per­
forms an orderly shutdown of all serial control 
signals. 

a = Immediately after the ABORT bit is set to one, 
the serial data controller resets it to zero. The 
time required by the controller to clear ABORT 
depends on the frequency of the read/reference 
clock signal from the disk. 

INT EN - Interrupt Enable Bit 
1 = The serial data controller interrupt is enabled. 
a = The serial data controller interrupt is disabled. 

MOTOROLA MICROPROCESSOR DATA 

~_1A7Q 

II 



II 

MC68HC99 

ECC - Error Checking and Correction Bit 
1 = When this bit is set, the serial data controller 

performs the read or write operation without 
using the ECC unit. On a read operation, the 
data field is not checked for data errors. This 
function allows a host computer to manage the 
ECC. 

0= (Default) When this bit is clear, the serial data 
controller performs the read or write operation 
using the ECC unit. Check bytes from the ECC 
unit are written on the disk immediately follow­
ing the data field when a write operation is ex­
ecuted. When a read operation is executed, the 
ECC unit checks for data errors. 

DISCHCK - Disable Header ECC Check Bit 
1 = The address field of each sector is not checked 

for errors. 
0= (Default) The address field of each sector is 

checked for errors. 
FORMAT - Selects a Format Operation Bit 

1 = Selects a format track operation 
0= Does not select a format track operation. 

RDIWRT - Selects a Read or Write Operation Bit 
1 = Selects a read operation 
0= Selects a write operation 

SEARCH - Selects a Search Operation Bit 
1 = Selects a data search operation 
0= Does not select a data search operation 

The serial data controller supports eight legal combi­
nations of the ECC, DISCHCK, FORMAT, RDIWRT, and 
SEARCH bits. If an illegal option is selected, the serial 
data controller will operate erratically and can destroy 
data on the disk. Table 2 is a list of legal values in the 
various types of serial data controller operations. 

Table 2. List of Legal Values 

Serial Uata Controller Operation 

o 0 0 0 0 Write Standard 
o 0 0 1 0 Read Standard 
o 0 1 0 0 Write Format 
o 0 1 1 0 Read Format 
1 0 0 0 0 Write with ECC 
1 0 0 1 0 Read with ECC 
o 0 0 1 1 Search 
1 1 0 1 0 Read with ECC on Header Disabled 
All Others = Illegal Operation 

SERIAL UNIT STATUS REGISTER (SUSR) $0032 

The SUSR indicates the status of the serial data op­
eration. 

RESET. 
o 

ACT - Active Bit 
One of the other status bits indicates whether or not 
it was a normal operation termination. ACT is a read­
only status bit. 

1 = The serial data controller operation is in prog­
ress. 

O=The operation terminated. 
DONE - Operation Complete Bit 

DONE is not valid while ACT is one. 
1 = The serial data controller operation completed 

without error or was aborted by the ABORT bit 
in the SUFR. 

0= Error termination. 
NOMATCH - No Match Bit 

NOMATCH is not valid while ACT is one. 
1 = The data search operation terminated because 

of a data miscompare. 
0= Data miscompare did not cause error termi­

nation. 
SKERR - Seek Error Bit 

SKERR is not valid while ACT is one. 
1 = The serial data controller operation terminated 

because of a cylinder or head miscompare dur­
ing an address field search. 

0= A cylinder or head miscompare did not cause 
error termination. 

FLGERR - Flag Error Bit 
FLGERR is not valid while ACT is one. 

1 = The operation terminated because of a flag mis­
compare detected on the current track. 

0= A flag miscompare did not cause error termi­
nation. 

IXERR - Index Error Bit 
IXERR is not valid while ACT is one. 

1 = Two index pulses were detected since the op­
eration started without finding the indicated 
sector address. During a write format opera­
tion, format information was still being written 
when INDEX was detected, indicating the field 
lengths in the length RAM are too long. 

0= Index error did not cause error termination. 
ECCERR - Error Checking and Correction Error Bit 

ECCERR is not valid while ACT is one. 
1 = A data field ECC error occurred. 
0= A data field error did not cause an error ter­

mination. 
DSNF - Data Sync Not Found Bit 

DSNF is valid only for ST-506 disks. DSNF is not valid 
when ACT is one. 

1 =A data sync byte was never found during the 
operation. 

0= Data sync not found did not cause an error ter­
mination. 

The DONE, NOMATCH, SKERR, FLGERR, IXERR, EC­
CERR, and IDSNF bits are cleared by a read of the SUSR 
followed by a write of zero to the desired bit(s). 

SERIAL UNIT ADDRESS COUNTER REGISTER (SUAC) 

The SUAC is a 5-bit register that points to two bytes: 
one in the value RAM and one in the length RAM. When 
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a serial data operation is in progress, the SUAC register 
is under the control of the serial data controller and should 
not be accessed. 

SERIAL UNIT VALUE RAM DATA REGISTER (SUVR) 

The SUVR accesses the data in the value RAM. 

SERIAL UNIT LENGTH RAM DATA REGISTER (SULR) 

The SULR accesses the data in the length RAM. 

VALUE AND LENGTH RAM ARRAYS 

The serial data controller uses two arrays of RAM to 
define the length and data content of each field in one 
sector. The first array is the length RAM. The second array 
is the value RAM. A byte in the length RAM corresponds 
to a byte in the value RAM. Each RAM array contains 24 
bytes, which are not directly mapped in the CPU's ad­
dress space. As a result, the length and value RAM arrays 
are accessed via the SULR and SUVR, respectively. Each 
register is a window providing access to the correspond­
ing bytes addressed by the SUAC. 

During a serial data controller write format operation, 
the information in a value RAM byte is duplicated on the 
disk the number of times specified by the corresponding 
length RAM byte. Normal serial-data-controller read/write 
operations use the information in the value and length 
RAMS to assert/negate the serial-data-controller signals 
(RD GATE, WRT GATE, etc.). The serial-data-controller 
takes these steps to locate the data fields within the sec­
tors on a track. 

The value and length RAM arrays must be initialized 
by the CPU in the HOC startup procedure. Once the arrays 
are initialized, only the cylinder, head, sector, and flag 
fields need to be changed prior to starting each serial 
data operation. 

BUFFER UNIT 

The data buffer controller provides a high-speed con­
nection between the HOC and a host computer using the 
host interface data bus. In a standard read operation, 
parallel data from the serial data controller is shipped 
through the data buffers to the host computer. A standard 
write operation ships data from the host through the data 
buffer to the serial data controller. When performing a 
standard read or write operation, the data buffer con­
troller fills one data buffer while the other is being emp­
tied. The data buffers are also used to send or receive 
command and status information between the HOC and 
a host computer and to send format information and 
verification patterns to the disk. 

The data buffer controller consists of eight registers, 
through which the CPU can control data operations, and 
two data buffers. Two registers are used to program the 
operation while the remaining registers address and ac­
cess the data buffers. 

BUFFER GENERAL-CONTROL REGISTER (BGCR) $0020 

The BGCR is used to select and start a data buffer op­
eration. 

7654321 

I START I ABORT I DNINT I ERRINT I DEFAlT I XFERI I XFERO I DIR 

RESET. 
o 

START - Start Operation Bit 
The START bit always reads logic zero. 

1 = The buffer controller begins the operation de­
fined by the XFER1, XFERO, and DIR bits. 

0= Immediately after START IS set to one, the data 
buffer controller resets START to zero. 

ABORT - Abort Operation Bit 
The ABORT bit always reads logiC zero. 

1 = The data buffer controller aborts the current 
operation as soon as the byte transfer tolfrom 
the host and/or the byte transfer to/from the 
serial data controller is finished. The data buffer 
controller negates REG and drives HDBO-HDB7 
and HDBP to a quiescent state. 

0= Immediately after ABORT is set to one, the data 
buffer controller resets ABORT to zero. 

DNINT - Done Interrupt Bit 
1 = The buffer done interrupt is enabled. 
0= The buffer done interrupt is disabled. 

ERRINT - Error Interrupt Bit 
1 = The buffer error interrupt is enabled. 
0= The buffer error interrupt is disabled. 

DEFALT - Default Bit 
The default buffer is the first buffer to receive or send 
data. 

1 = The programmed operation uses BUFFER2. 
0= The programmed operation uses BUFFER1. 

XFERO-XFERl - Transfer Zero-Transfer One Bits 
These bits contain a binary number that selects the 
data buffer controller operation. 

DIR - Direction Bit 
1 = Direction of data flow through the data buffer 

is from controller to host. 
0= Direction of data flow through the data buffer 

is from host to serial data controller. 

In this register, the DEFALT, XFER1, XFERO, and DIR 
bits are write protected when the ACT bit of the BUSR IS 

logic one. Table 3 lists the data buffer controller transfer 
types and their coding. 

Table 3. Transfer Types and Coding 

Transfer Type 

o 0 0 Write Disk 
o 0 1 Read Disk 
o 1 0 Read Host 
o 1 1 Write Host 
1 0 0 Write Format 
1 0 1 Read Format 
1 1 0 Write Standard 
1 1 1 Read Standard 

BUFFER STATUS REGISTER (BUSR) $0021 

The BUSR provides the status of the data buffer op­
eration. 
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6 5 4 3 2 1 

ACT I DONE I HPRTYlI DPRTYlI HPRTY21 DPRTY21 CNTERR I BUFX 

RESET: 
o 

ACT - Operation Active Bit 
ACT is a read-only status bit. 

1 = A data bufer controller operation is in progress. 
0= The operation has terminated. 

The other BUSR status bits indicate whether the 
termination was a normal or error termination. 

DONE - Operation Done Bit 
DONE is not valid while ACT is one. 

1 = The operation completed without error or was 
aborted by setting the ABORT bit in the BGCR. 

0= The operation completed with error. 
HPRTYl - Parity Error Between Host and BUFFERl Bit 

HPRTYl is not valid while ACT is one. 
1 = The data buffer operation on BUFFERl termi­

nated because of a parity error on the host­
interface data bus. If parity is not enabled on 
the host-interface data bus, then HPRTYl is set 
to one only for a parity error on data transferred 
from BUFFER1 to the host computer. 

0= No parity error existed on data transferred be­
tween BUFFERl and the host. 

DPRTYl - Parity Error Between Disk and BUFFERl Bit 
DPRTYl is not valid while ACT is one. 

1 = The data buffer operation on BU FFER 1 term i­
nated because of a parity error on data trans­
ferred from BUFFERl to the serial data 
controller. 

0= No parity error existed on data transferred be­
tween BUFFERl and the serial data controller. 

HPRTY2 - Parity Error Between Host and BUFFER2 Bit 
HPRTY2 is not valid while ACT is one. 

1 = The data buffer operation on BUFFER2 termi­
n~tcd b:C~US8 of ~ p~rity error on th8 ho::;t in­
terface data bus. If parity is not enabled on the 
host-interface data bus, then HPRTY2 is set to 
one only for a parity error on data transferred 
from BUFFER2 to the host computer. 

0= No parity error existed on data transferred be­
tween BUFFER2 and the host. 

DPRTY2 - Parity Error Between Disk and BUFFER2 Bit 
DPRTY2 is not valid while ACT is one. 

1 = The data buffer operation on BUFFER2 termi­
nated because of a parity error on data trans­
ferred from BUFFER2 to the serial data 
controller. 

0= No parity error existed on data transferred be­
tween BUFFER2 and disk. 

CNTERR - Count Error Bit 
CNTERR is not valid while ACT is one. 

1 = The data buffer controller sent or received more 
bytes than the serial data controller requested. 

0= No count error occurred. 
BUFX - Buffer Last Connected to Disk Bit 

This information is used when an error occurred dur­
ing a standard operation, and the data is to be cor­
rected. 

BUFX is a read-only status bit. 
1 = The last buffer to transfer data to or from the 

serial data controller was BUFFER 2. 
0= The last buffer to transfer data to or from the 

serial data controller was BUFFER 1. 

The DONE, HPRTY1, DPRTY1, HPRTY2, DPRTY2, and 
CNTERR bits are cleared by a read of the BUSR followed 
by a write to the desired bit(s). 

BUFFER ADDRESS REGISTERS (BAR1, BAR2) 

The buffer address registers (BARl and BAR2) are 16-
bit registers used to address a byte in the corresponding 
data bufer. BARl and BAR2 are decremented by the data 
buffer controller when the corresponding data buffer is 
accessed. When a data buffer operation is in progress, 
BARl and BAR2 are controlled by the data buffer con­
troller and should not be accessed. 

The four most significant bits of both BARl and BAR2 
are not used and always read as zeros. The address of 
the most significant byte (MSB) of BARl is $0025, and 
the address of the least significant byte (LSB) of BARl is 
$0026. The address of the MSB of BAR2 is $0027, and 
the address of the LSB of BAR2 is $0028. 

BUFFER DATA REGISTERS (BDR1, BDR2) 

Data in BUFFERl and BUFFER2 is accessed via BDRl 
and BDR2, respectively. When a data buffer operation is 
in progress, BDRl and BDR2 are controlled by the data 
buffer controller and should not be accessed. The address 
of BDRl is $0029, and the address of BDR2 is $002A. 

BUFFER ADDRESS PRESET REGISTER (BAPR) 

The BAPR is a 16-bit register used to load a preset 
address into BARl and/or BAR2 during a data buffer op­
eration. The value in this register addresses the first byte 
In Ultlwr uuffer to send or receive dulu. Tile fJAPil must 
be initialized prior to starting the data buffer operation. 
For example, when a 10-byte command packet is sent 
from the host computer into BUFFER1, BAPR is set to 9. 
After the data buffer operation, the first byte of the com­
mand is in BUFFERl at address $009, and the last byte 
is at address $000. For a multiblock disk read with a block 
size of 256 bytes, the BAPR is set to $OFF (255). When a 
data buffer operation is in progress, BAPR is controlled 
by the buffer data controller and should not be accessed. 
The four most significant bits of the BAPR are not used 
and always read as zeros. The address of the MSB of the 
BAPR is $0022, and the address of the LSB is $0023. 

TRACK BLOCK COUNTER REGISTER (TBCR) 

The TBCR specifies the number of blocks of data to be 
transferred through the data buffers. For example, when 
a command packet is to be received from the host, TBCR 
is set to one. When a multiblock disk read is to be done, 
TBCR is set to the number of blocks to be sent to the 
host. During a data buffer operation, TBCR is controlled 
by the data buffer controller and should not be accessed. 
The address of the TBCR is $0024. 
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DATA BUFFERS 

The HDC has two data buffers, BUFFER1 and BUFFER2, 
which are each large enough to hold a 512-byte sector 
of data plus 16 ECC check byte (a total of 528 bytes). 
During a standard read or write data operation, only one 
sector of data is held in a data buffer, and the two data 
buffers cannot be concatenated for larger sector sizes. 
Because the data buffers are not directly mapped in the 
CPU's address space, each buffer is accessed via the buffer 
data registers (BDR1 and BDR2) and the buffer address 
registers (BAR1 and BAR2). To read or write in BUFFERx, 
where x is 1 or 2, BAR x must be set to the address of the 
byte ($000 through $20F). BDRx must then be read or 
written to access the data byte. After BDRx is read or 
written, BARx is automatically decremented by one. Fig­
ure 6 is a diagram of the data buffer. 

If BARx is set to a value greater than $20F and BDRx 
is read or written, then BUFFERx is not accessed. In the 
case of a read, the value returned is undefined. The flow­
chart in Figure 7 shows how to access a data buffer. 

DATA BUFFER PARITY 
Each byte in both data buffers has a corresponding 

parity bit. When a data byte is written to either data buffer, 
a parity bit is generated and stored with the byte. When 
a data byte is read from a buffer, the byte is checked for 
a parity error. If an error is detected on a byte being sent 
to a host computer, then either the HPRTY1 or HPRTY2 
bit in the BUSR is set, depending on which data buffer 
sent the byte. If an error is detected on a byte being sent 
to the serial data controller, then either the DPRTY1 or 
DPRTY2 bit in the BUSR is set, depending on which data 
buffer sent the byte. 

BUFFER X 

$20F 

$12 $AA 

$00 

BDRX 

When a data byte is received from the host computer 
with parity on the host interface data bus enabled, the 
byte is checked for a parity error. If an error is detected, 
then either the HPRTY1 and HPRTY2 bit in the BUSR is 
set, depending on which data buffer sent the byte. 

When a data byte is received from the host computer 
with parity on the host interface data bus enabled, the 
byte is checked for a parity error. If an error is detected, 
then either the HPRTY1 and HPRTY2 bit in the BUSR is 
set, depending on which data buffer received the byte. 

No indication of a parity error when the CPU reads data 
from the data buffers is given. 

ECC UNIT 
The serial data controller manages the error checking 

and correction unit (ECC) to provide Reed-Solomon based 
error checking and correction without host intervention. 
When an error is detected on a data field, the CPU inter­
rogates the ECC unit for information to correct erroneous 
data held in the data buffers. The ECC unit uses inter­
leaving to increase protection for data fields by breaking 
the data field into smaller logical blocks and protecting 
each block separately. The interleave factor is selectable 
between one, two, three, and five. A recommended in­
terleave of two should be used for block sizes of 256 or 
128, and an interleave of three is recommended for a 
block size of 512. The ECC unit interleave should not be 
confused with the sector interleave on the disk. The ECC 
unit interleave, which is invisible, does not affect the way 
data is written on the disk. 

The ECC unit consists of two registers through which 
the CPU can select an interleave factor and obtain cor­
rection information in case of error. 

Figure 6. Data Buffer Diagram 

MOTOROLA MICROPROCESSOR DATA 

3-1883 



II 

MC68HC99 

ADDRESS CAN BE $000 TO $20F 

NO 

AFTER THE ACCESS, BARX IS DECREMENTED BY ONE, SO THE NEXT LOWER BYTE IN THE BUFFER CAN BE ACCESSED WITHOUT WRITING TO BARX 

Figure 7. MPU Access of Buffer X 

ECC CONTROL REGISTER IECR) $OOOC 

The ECR selects the interleave and interrogates the ECC 
unit for correction information if an error is detected. 

EM IPT ILVI ILVO CS CP CD CR 

RESET. 
U U U U U U U U 

EM - Enable Monitor Bit 
This bit is used by Motorola for testing the ECC unit 
and should not be written. 

IP - Increment Pointer Bit 
This bit is used during a correction to increment the 
interleave pointer. 

ILV1-0 - Interleave Factor Bits 
The ILV1 and ILVO bits select the ECC interleave factor 
to be used on a block of data, as shown in Table 4. 

Table 4. Interleave Selection 

ILVl ILVO Interleave Factor 

0 0 1 

0 1 2 

1 0 3 

1 0 4 

CS - Clear Syndrome Bit 
This bit is used by Motorola for testing the ECC unit 
and should not be written. 

CP - Clear Pointer Bit 
This bit is used during a correction to clear an internal 
data pointer. 

CD - Clear Data Bit 
This bit is used during a correction to clear the ECC 
data register. 
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CR - Clear RAM Bit 
This bit is used by Motorola for testing the ECC unit 
and should not be written. 

ECC DATA REGISTER (EDCR) 

The EDCR provides the CPU with an error byte mask 
and is used only during a correction. 

RESET 

The RESET signal resets the CPU core and on-chip de­
vices to provide an orderly startup procedure and to en­
sure that all peripherals and output signals are in a 
quiescent state. 

CPU AFTER RESET 

After reset, if the operating mode is single-chip or ex­
panded mode 1, the CPU fetches its restart vector from 
internal ROM at $FFFE and $FFFF. The I bit in the con­
dition code register is set to mask interrupt requests. 

PORTS BAND C AFTER RESET 

After reset, ifthe operating mode is single-chip, then 
the port Band C pins are inputs. If the operating mode 
is one of the expanded modes, then the port Band C pins 
begin driving the expansion bus. 

TIMER AFTER RESET 

After reset, the timer counter is initialized to $FFF9. If 
the operating mode is single-chip, then timer TCAP and 
TCMP pin functions are disabled. The user can elect to 
enable these functions by setting the TEN bit of the HPIR. 

INTERRUPTS 

The HOC supports both maskable and nonmaskable 
interrupts with a prioritization scheme similar to the 
MC68HC11. 

Maskable interrupts originate only from the on-chip 
peripheral devices and can be masked by the I bit of the 
condition code register. The interrupt signals coming from 
the various devices are prioritized. The highest priority 
interrupt is selected by changing the value of the PSELD-3 
bits in the highest priority interrupt register (HPIR). The 
timer interrupt defaults to the highest priority after reset. 

Nonmaskable interrupts include RESET, illegal opcode 
trap, and software interrupt (SWI). RESET has the highest 
priority, followed by illegal opcode trap. SWI is actually 
an instruction having the highest priority after RESET. 
This statement is essentially true since, once the SWI 
opcode has been fetched, no other interrupt will be 
honored until after the SWI vector is fetched. 

Table 5 shows the interrupt sources and their corre­
sponding vectors. Each vector requires two bytes. The 
first vector byte contains the eight most significant bits 
of vector address; the second byte contains the eight 
least significant bits of vector address. Figure 8 shows 
the interrupt handler flowchart. 

Table 5. Interrupt Vectors 

Vector Interrupt Source 
Address 

XX co, XXC1 
To Reserved 

XXE4, XXE5 

XXE6, XXE7 Serial Unit Termination 

XXE8, XXE9 Buffer Done 
XXEA, XXEB Buffer Error 

XXEC,XXED SCSI Attention 
XXEE, XXEF SCSI Arbitration Begun 
XXFO, XXF1 SCSI Selection Phase 

XXF2, XXF3 Timer 

XXF4, XXF5 Reserved 
XXF6, XXF7 SWI 
XXF8, XXF9 Illegal Opcode Trap 
XXFA, XXFB Reserved 
XXFC, XXFD Reserved 
XXFE, XXFF Reset 

NOTE: 
XX = FF If mode IS single-chip or expanded 1 
XX = BF if mode IS expanded 2 or expanded 3 

Masked 
By 

I Bit 

I Bit 
I Bit 

I Bit 
I Bit 
I Bit 

I Bit 

None 
None 

None 

HIGHEST PRIORITY INTERRUPT REGISTER (HPIR) $003F 

The HPIR is an 8-bit readlwrite register that containS 
seven control bits and one read-only status bit. 

RESET. 
o 

TEN - TCAPITCMP Enable Bit 
In single-chip mode: 

1 =TCAP and TCMP are enabled on port B pins 6 
and 7, respectively. 

0= TCAP and TCMP are disabled, and port B pinS 
6 and 7 are dedicated to general-purpose liD. 

In expanded modes: 
TEN IS a read-only bit that always reads logic zero. 

REM ROM - Remove Internal ROM Bit 
In expanded 2 and 3 modes: 

1 = Internal ROM is disabled, addresses from $0000 
to $FFFF must be accessed externally. 

0= Internal ROM is enabled. 
In expanded 1 and single-chip modes: 

REMROM is a read-only bit that always reads logic 
zero. 

IRV - Internal Read View Bit 
In single-chip mode: 

IRV is a read-only bit that always reads logic zero. 
In expanded modes: 

Once set, IRV can only be cleared by reset. 
1 = Data read from internal registers, ROM, and RAM 

is driven onto the external multiplexed addressl 
data bus. 

0= Data is not driven onto external bus. 
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NOTE: 
XX is FF if mode is single-chip or expanded 1; 
XX is BF if mode is expanded 2 or expanded 3. 

Figure 8. Interrupt Handler Flowchart 
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MODE - Read-Only Status Bit Indicating Current Oper­
ating Mode 

1 = Expanded 2 or expanded 3 mode 
0= Single-chip or expanded 1 mode 

PSEL3-0 - Priority Select 
These bits contain a binary number indicating the 1-
interrupt source with the highest priority. This binary 
code and its meaning are shown in Table 6. 

Table 6. Interrupt Source and Priority 

0110 - Timer 
0111 - SCSI Selection 
1000 - SCSI Arbitration 
1001 - SCSI Attention 

All other codes are reserved. 

1010 - Buffer Error 
1011 - Buffer Done 
1100 - Serial Unit 

LOW POWER MODE: WAIT 

For low power operation, this HDC implements the WAIT 
instruction. WAIT causes the CPU core of the HDC to 
assume a low power state, or wait mode, with the internal 
clocks still active. 

In the wait mode, the machine state is stacked and 
program execution stops. The serial data controller, ECC 
unit, data buffer unit, host interface and timer are not 
affected. RESET and the I interrupt cause an exit from the 
wait mode if the I bit in the condition code register is 
clear. 

TIMER 

Preceded by a fixed divide-by-four prescaler, the pro­
grammable timer can be used for many purposes since 
its pulse widths can vary from several microseconds to 
many seconds. A block diagram of the timer is shown in 
Figure 9. 

Because the timer has a 16-bit architecture, each spe­
cific functional segment, or capability, is represented by 
two 8-bit registers. These registers contain the high or 
low byte of that functional segment and are called the 
high-byte register and low-byte register, respectively. 
Generally, accessing the low-byte register of a specific 
timer function allows full control of that function. How­
ever, an access of the high-byte register inhibits that spe­
cific timer function until the low-byte register is also 
accessed. 

NOTE 
The I bit in the condition code register should be 
set while manipulating both the high-byte and the 
lOW-byte registers of a specific timer function to 
ensure that an interrupt does not occur. Setting this 
bit prevents interrupts from occurring between the 
time that the high- and low-byte registers are ac­
cessed. 

TIMER CONTROL REGISTER (TCR) $0012 
The TCR is an 8-bit read/write register which contains 

five control bits. Three ofthese bits, ICIE, OCIE, and TOlE, 

control the interrupts associated with each of the three 
flag bits found in the timer status register (TSR): ICF, OCF, 
and TOF, respectively. The IEDG bit controls whether the 
negative or positive edge of the signal is significant to 
the input capture edge detector. The OLVL bit controls 
the next value to be clocked to the output level register 
in response to a successful output compare. 

The TCR and the free-running counter are the only sec­
tions of the timer affected by reset. The TCMP pin is 
forced low during external reset and remains low until 
raised high by a valid compare. The TCR is shown below: 

ICIE OCIE TOlE 

RESET 
o 

ICIE - Input Capture Interrupt Enable Bit 

IEDG OLVL 

U 

1 = The timer interrupt is enabled when the input 
capture flag (lCF) status flag is set. 

0= Interrupt is inhibited. 
OCIE - Output Compare Interrupt Enable Bit 

1 = The timer interrupt is enabled when the output 
compare flag (OCF) status flag is set. 

0= Interrupt is inhibited. 
TOlE - Timer Overflow Interrupt Enable Bit 

1 = The timer interrupt is enabled when the timer 
overflow flag (TOF) status flag is set. 

0= Interrupt is inhibited. 
Bits 4-2 - Not Used. 
IEDG - Input Edge Bit 

The input edge bit determines which level transition 
will trigger a free-running counter transfer to the in­
put capture register. 

1 = Positive edge 
0= Negative edge 

OLVL - Output Level Bit 
The output level bit is clocked into the output level 
register by the next successful output compare. This 
bit and the output level register are cleared by reset. 

1 = High output 
0= Low output 

TIMER STATUS REGISTER (TSR) $0013 
The TSR is an 8-bit register of which the three most 

significant bits contain read-only status information. These 
three bits indicate the following: 

- A proper transition has taken place with an ac­
companying transfer of the free-running counter 
contents to the input capture register. 

- A match has been found between the free-run­
nign counter and the output compare register. 

- A free-running counter transition from $FFFF to 
$0000 has been sensed (timer overflow). 

ICF OCF TOF 

RESET: 
U U U 
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Figure 9. Timer Block Diagram 

ICF - Input Capture Flag 
1 = A proper edge has been sensed by the input 

capture edge detector. 
0= The flag is cleared by a processor access of the 

TSR (with the ICF set) followed by accessing 
the low byte ($15) of the input capture register. 

OCF - Output Compare Flag 
1 = The output compare register contents match 

the contents of the free-running counter. 
0= The flag is cleared by accessing the timer status 

register (with OCF set) and then accessing the 
low byte ($17) of the output compare register. 

TOF - Timer Overflow Flag 
1 = A transition of the free-running counter from 

$FFFF to $0000 occurred. 
0= The flag is cleared by accessing the timer status 

register (with TOF set) and then accessing the 
low byte of the free-running counter $19). 

Bits 4-0 - Not used. 
Accessing the TSR satisfies the first step required to 

clear any status bits that happen to be set during the 
access. The next step is to access the register associated 
with the status bit. Typically, this procedure is accom­
plished using the input capture and output compare func­
tions. 

A problem can occur when the user is using the timer 
overflow function and reading the free-running counter 
at random times to measure an elapsed time. Without 
incorporating the proper precautions into software, the 
TOF could unintentionally be cleared if: 

1) The TSR is read or written when TOF is set and 
2) The LSB of the free-running counter is read but 

not for the purpose of servicing the flag. 
Since the counter alternate register contains the same 

value as the counter, this alternate register can be read 
at any time without affecting the TOF. 
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INPUT CAPTURE REGISTER (lCR) 

The two 8-bit registers, which comprise the 16-bit ICR, 
are read-only registers. After the corresponding input­
capture edge detector senses a defined transition, these 
registers are used to latch the value of the free-running 
counter. The level transition that triggers the counter 
transfer is defined by the corresponding input edge bit 
(lEOG). Reset does not affect the contents of the ICA. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal processor clock preceding the 
external transition. This delay is required for internal syn­
chronization. Resolution is affected by the prescaler al­
lowing the timer to increment only every four internal 
processor clock cycles. 

The free-running counter contents are transferred to 
the ICR on each proper signal transition regardless of 
whether the ICF is set or clear. The ICR always contains 
the free-running counter value that corresponds to the 
most recent input capture. 

After reading the ICRs MSB ($14), counter transfer is 
inhibited until the LSB ($15) is also read. This character­
istic causes the input-capture software routine and its 
interaction with the main program to determine the min­
imum pulse period attainable. The free-running counter 
increments every four internal processor clock cycles due 
to the prescaler. 

A read of the LSB ($15) of the ICR does not inhibit the 
running-counter transfer since the read and the transfer 
occur on opposite edges of the internal processor clock. 
Minimum pulse periods are ones which allow software 
to read the LSB ($15) and perform needed operations. 

OUTPUT COMPARE REGISTER (OCR) 

The OCR is a 16-bit register, which is made up of two 
8-bit registers at locations $16 (MSB) and $17 (LSB). The 
OCR can be used for such pruposes as indicating when 
a period of time has elapsed. The OCR is unique in that 
all bits are readable and writable and are not altered by 
the timer hardware. Reset does not affect the contents of 
this register. If the compare function is not needed, the 
two bytes of the OCR can be used as storage locations. 

OCR contents are compared with the contents of the 
free-running counter every four internal processor clocks. 
If a match is found, the corresponding OCF bit of the TCR 
is set, and the corresponding OLVL bit is clocked to an 
output level register by the output compare circuit pulse. 
The values in the OCR and the OLVL should be changed 
after each successful comparison in order to establish a 
new elapsed timeout. An interrupt can also accompany 
a successful output compare provided the corresponding 
interrupt enable bit (OCIE) is set. 

After a processor write cycle to the OCR containing the 
MSB ($16), the output compare function is inhibited until 
the LSB ($17) is also written. The user must write both 
bytes (locations) if the MSB is written first. A write made 
only to the LSB ($17) will not inhibitthe compare function. 
The free-running counter is updated every four internal 
processor clock cycles due to the internal prescaler. The 
minimum time required to update the OCR is a function 
of the program rather than the internal hardware. 

A processor write may be made to either byte of the 
OCR without affecting the other byte. The OLVL is clocked 
to the output level register regardless of whether the OCF 
is set or clear. 

Because neither the OCF nor OCR is affected by reset, 
care must be exercised when initializing the output com­
pare function. The following procedure is recommended: 

1) Write to the high byte of the OCR to inhibit further 
compares until the low byte is written, 

2) Read the timer status register to arm the OCF if 
it is already set, and 

3) Write to the low byte of the OCR to enable the 
output compare function with the flag clear. 

This procedure is advantageous because it prevents 
the OCF bit from being set between the time OCF is read 
and OCR is written. A software example is as follows: 

B7 16 STA OCMPHI Inhibit Output Compare 
B6 13 LDA TSTAT Arm OCF Bit If Set 
BF 17 STX OCMPLO Ready for Next Compare 

COUNTER 
The key element in the programmable timer is a 16-bit 

free-running counter, or counter register, preceded by a 
prescaler which divides the internal procesor clock by 
four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal processor clock is 2.0 meg­
ahertz. The counter is clocked to increasing values during 
the low portion of the internal processor clock. Software 
can read the counter at any time without affecting the 
value. 

The double-byte free-running counter can be read from 
either the two locations $18-$19 (called counter register 
at this location), or $1A-$1 B (counter alternate register 
at this location). A read from only the LSB of the free­
running counter ($19, $1 B) will receive the count value 
at the time of the read. If a read of the free-running counter 
or counter alternate register first addresses the MSB ($18, 
$1A), then the read causes the LSB ($19, $1 B) to be trans­
ferred to a buffer. This buffer value remains fixed after 
the first MSB read, even if the user reads the MSB several 
times. This buffer is accessed when reading the free­
running counter or counter alternate register LSB ($19 or 
$1 B). This access completes a read sequence of the total 
counter value. If either the free-running counter or counter 
alternate register MSB is read, the LSB must also be read 
in order to complete the sequence. 

The free-running counter is configured to $FFF9 during 
reset and is always a read-only register. Because the free­
running counter is 16 bits preceded by a fixed divide-by­
four prescaler, the value in the free-running counter re­
peats every 262,144 processor internal clock cycles. When 
the counter rolls over from $FFFF to $0000, TOF is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting TOlE. 

INSTRUCTION SET 

The CPU of the MC68HC99 HOC is an MC68HC11 mi­
croprocessor. In addition to its ability to execute all 
MC6800 and MC6801 instructions, the HOC has an op­
code map with a total of 91 new opcodes. Major func-
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3 
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2 
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2 
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3 
DEXIV) DAA 

(4)1 

2 
CLV PAGE 3 

2 

SEV ABA , 
2(4) 

ClC BSET 
3 

2(4) 

SEC BCLR 
3 

2(5) 

Cli BRSET 
4 

2(5) 

SEI BRCLR . 
INH Inherent 

REl Relative 

IMM 

EXT 

Immediate 

Extended 

DIR Direct 

INDXIY) Index XIV) 

REl 

2 
0010 

2 3121 
BRA 

2 , 
2 3 

BRN 
2 , 

6 3 
BHI 

2 , 
6 3 

BLS 
2 , 

6 
IBHS) 

3 

2 BCC , 
6 

IBLO) 
3/2) 

2 BCS , 
2 3 

BNE 
2 , 

2 3 
BEQ 

2 , 
3(2) 

BVC 
2 , 

2 3 
BVS 

2 , 
3(2) 

BPL 
2 , 

2 3 
BMI 

2 , 
7 3(21 

BGE 
(8)2 , 

7 3 

BlT 
1812 , 

7 3 
BGT 

1812 , 
7 3 

BLE 
1812 , 

.. 
Table 4. Opcode Map 

ACCA ACCB 

INH ACCA ACCB IV) EXT IMM DIR IV) EXT IMM DIR IV) EXT INDX INDX INDX 
3 4 5 6 7 8 9 A B C D E F Xw 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

3 2 2m 6 6 2 JIll 4 4 2 313) 4 4 
TSXIY) NEGA NEGB NEG NEG SUBA SUBA SUBA SUBA SUBB SUBB SUBB SUBB 0 

(411 , 2 !713 2 2 2 (513 2 2 2 (5)) 

3 2 J(31 4 4 2 3131 4 4 
INS CMPA CMPA CMPA CMPA CMPB CMPB CMPB CMPB 1 

2 2 2 (5)3 2 2 2 (5)3 

4 2 3(3) 4 4 2 JI31 4 4 
PULA SBCA SBCA SBCA SBCA SBCB SBCB SBCB SBCB 2 

2 2 2 (5)3 2 2 2 (5)3 

4 2 2m 6 6 4 5(3) 6 6 4 513) 6 6 
PULB COMA COMB COM COM 

3 SUBD 2 SUBD 2 SUBD 171 3 SUBD 
ADDD ADDO ADDD ADOD 3 , , 2 17)3 3 2 2 (1)3 

3 2 2 (]I 6 6 2 
DES LSRA LSRB LSR LSR ANDA , , 2 /713 2 2 

3 2 
TXIY)S BITA 

141 2 2 

3 2 2(Jt 6 6 2 
PSHA RORA RORB ROR ROR LDAA , , 2 17)3 2 2 

3 2 213) 6 6 
PSHB ASRA ASRB ASR ASR , , 2 1713 2 

5 2 2 m 6 6 2 
PULXIY) AS LA ASLB ASL ASL EORA 

1611 , 2 t7!3 2 2 

5 2 2131 6 6 2 
RTS ROLA ROLB ROL ROL ADCA , , 2 m 3 2 2 

3 2 2131 6 6 2 
ABXIY) DECA DECB DEC DEC DRAA 

(4) 1 , 2 1713 2 2 

12 2 
RTI ADDA 

2 2 . 2 2131 6 6141 4(3) 

PSHXIY) INCA INCB INC INC CPXIY) 
1511 , 2 1713 3 52 

'0 2 2(JI 6 6 6 
MUL TSTA TSTB TST TST BSR , , 2 III 3 2 2 

12 131 3 3 3 
WAI JMP JMP lOS 

2 1413 3 2 ,. 
2 2 m 6 6 f2I 3 

SWI CLRA CLRB CLR ClR XGDXIY) 

--- ~------ -,--'-- 2 (])3 , (4)2 

'Page 3 and 4 O~ -ode Reference 

Mnemonic Page O~:ode Bytes Cycles 

CPO 3 r 3 4 5 
3 ,3 3 6 
3 C3 4 7 

3 ;,3 3 7 

4 ;'3 3 7 
CPY 3 IC 3 7 

CPX 4 t-c 3 7 
lDV 3 EE 3 6 
LOX 4 EE 3 6 
STY 3 EF 3 6 
STX 4 EF 3 6 

ANDA 

BITA 

LDAA 

STAA 

EORA 

ADCA 

DRAA 

ADDA 

CPXIY) 

JSR 

LOS 

STS 

313) 4 4 2 3131 4 4 

ANDA ANDA AN DB ANDB AN DB ANOB 4 
2 (5)3 2 2 2 (513 

313) 4 4 2 3131 4 4 

BITA BITA BITB BITB BITB BITB 5 
2 (5)3 2 2 2 1513 

3131 4 4 2 3131 4 4 

LDAA LDAA LDBB LDBB LDBB LDBB 6 
2 (5)3 2 2 2 1513 

313) 4 4 313) 4 4 
STAA STAA STBB STBB STBB 7 

2 (5)3 2 2 1513 

J(3) 4 4 2 3(3) 4 4 

EORA EORA EORB EORB EORB EORB 8 
2 (5)3 2 2 2 (5)3 

3(31 4 4 2 3131 4 4 

ADCA ADCA ADCB ADCB ADCB ADCB 9 
2 1513 2 2 2 (5)3 

3(3) 4 4 2 313) 4 4 

DRAA DRAA DRAB DRAB DRAB DRAB A 
2 (5)3 2 2 2 1513 

3(31 4 4 2 313) 4 4 

ADDA ADDA ADDB ADDB ADDB ADDB B 
2 (5}3 2 2 2 1513 

5131 6(4) 6 3 413) 5 5 

1612 CPXIY) 171 3 
CPXIY) LDD LDD LDD LOO C 

17)3 2 2 (6)3 

5(3) 6 6 4(3) 5 5 

JSR JSR PAGE 4 STD STD STD 0 
2 17)3 2 2 (6)3 

4(3) 5 5(4) 3(3) 4(3) 5(4) 

LOXIV) 
5 

LOS LOS LDXIY) lDXIY) LDXIY) E 
2 (613 3 (4)2 (512 1613 161 

4(3) 5 5 131 4(31 5(4) 5 

STS STS STXIY) STXIY) 
1613 STXIY-,-,", 

F 
2 (613 

--
2 (5}2 
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tional additions include a second 16-bit index register, 
two types of 16-by-16 divide instructions, bit manipula­
tion instructions, and a WAIT instruction. 

ADDRESSING MODES 

Six addressing modes can be used to reference mem­
ory. Some instructions require an additional byte before 
the opcode to accomodate a multipage opcode map. This 
byte is called a prebyte. The following paragraphs pro­
vide a description of each addressing mode plus a dis­
cussion of the prebyte. In these descriptions, the term 
"effective address" is used to indicate the address in 
memory from which the argument is fetched or stored 
or from which execution proceeds. 

IMMEDIATE ADDRESSING 
In the immediate addressing mode, the actual argu­

ment is contained in byte(s) immediately following the 
instruction, where the number of bytes matches the size 
of the register. If prebyte is required, then these are two­
, three-, or four-byte instructions. 

DIRECT ADDRESSING 
In the direct addressing mode, the LSB of operand ad­

dress is contained in a single byte following the opcode, 
and the MSB is assumed to be $00. Direct addressing 
allows the user to access $0000 through $OOFF using two­
byte instructions, and execution time is reduced by elim­
inating the additional memory access. In most applica­
tions, this 256-byte area is reserved for frequently 
referenced data. In the HDC, the first 192 bytes of the 
internal RAM and registers are fixed in page zero of mem­
ory, with the exception of the bytes at $0000 through 
$0003 for the parallel ports. These bytes can be either 
internal or external depending on the operating mode. 

EXTENDED ADDRESSING 
In the extended addressing mode, the second and third 

bytes following the opcode contain the absolute address 

of the operand. If prebyte is required, then these are three­
or four-byte instructions. One or two bytes are required 
for the opcode and two bytes for the effective address. 

INDEXED ADDRESSING 
In the indexed addressing mode, one index register (X 

or Y) is used in calculating the effective address. In this 
case, the effective address is variable and depends on 
two factors: 

1) Current contents of the index register (X or Y) 
being used and 

2) The 8-bit unsigned offset contained In the instruc-
tion. 

This addressing mode allows referencing any memory 
location in the 64K byte address space. If prebyte is re­
quired, then these are usually two- or three-byte instruc­
tions, to accomodate the opcode plus an 8-bit offset. 

INHERENT ADDRESSING 
In the inherent addressing mode, all information to 

execute an instruction is contained in the opcode. Op­
erands, if any, are registers, and no memory reference is 
required. These are usually one- or two-byte instructions. 

RELATIVE ADDRESSING 
The relative addressing mode is used for branch in­

structions. If the branch condition is true, the contents of 
the eight-bit signed byte following the opcode, the offset, 
is added to the contents of the PC to form the effective 
branch address. Otherwise, control proceeds to the next 
instruction. These are usually two-byte Instructions. 

PREBVTE 
In order to expand the number of instructions available 

in the HDC, a prebyte instruction is used with certain 
instructions. The instructions affected are usually asso­
ciated with the index register V. Opcode instructions which 
do not require a prebyte could be considered as page 1 
of the overall opcode map. The remaining opcodes could 
be considered as pages 2, 3, and 4 of the opcode map 
and would require a prebyte: $18 for page 2, $1A for 
page 3, and $CD for page 4. 
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ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS 

Rating Symbol Value 

Supply Voltage VDD -0.3 to +7.0 

Input Voltage Vin - 0.3 to VDD + 0.5 

Operating Temperature Range TA o to 70 

Storage Temperature Range Tsta -55 to +150 

Current Drain per pin* ID 25 
Excluding VDD, VSS 

*One pin at a time, observing maximum power dissipation limits. 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 6JA 
PLCC 50 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J' in °C can 
be obtained from: 

where: 
TA 
SJA 

PD 
P,NT 
P,iO 

TJ=TA+(PDoSJA) (1) 

= Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °CIW 

= P'NT+P'/O 
= ICCxVCC' Watts - Chip Internal Power 
= Power Dissipation on Input and Output 

Pins - User Determined 

Unit 

V 

V 

°C 

°C 

mA 

Unit 

°CIW 

This device contains circuitry to protect the in­
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor­
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper­
ation, it is recommended that Vin and Vout be 
constrained to the range VSS '" (Vin or Vout) '" 
VDD. Reliability of operation is enhanced if un­
used inputs are connected to an appropriate logic 
voltage level (e.g., either VSS or VDD). 

For most applications PI/O<P,NT and can be neglected. 
The following is an approximate relationship between 

PD and TJ (if PI/O is neglected): 
PD=K+(TJ + 273°C) (2) 

Solving equations (1) and (2) for K gives: 
K = PD 0 (T A + 273°C) + SJAoPD2 (3) 

where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring PD 
(at equilibrium) for a known T A' Using this value of K, 
the values of PD and TJ can be obtained by solving equa­
tions (1) and (2) iteratively for any value of T A' 

DC ELECTRICAL CHARACTERISTICS (VDD=5.0 Vdc:,:5%; VSS=O Vdc; TA=O°C to 70°C) 

Characteristic 

Supply Voltage Hange 

Output High Voltage 
ILoad = 0.8 rnA 

Output Low Voltage 
SELOUT, BSYOUT, I/O/OUT, CMD, MSG, ARB/SDBEN, REO, AMEN, WRCLK, NRZ 

ILoad=1.6 mA 
All Other Outputs 

ILoad=3.7 mA 

Input High Voltage 

Input Low Voltage 

Three-State Leakage 
Vin=VIH or VIL (0.0-5.25 V) 

Input Leakage Current 

Input Capacitance 

Power Dissipation 

Total Current Supply 
CPU Only 
CPU In Wait Mode 
Everything Running 

NOTES: 
1. No DC loads, VIL = 0.0 V, VIH = 5.0 V, CLK = 10 MHz 
2. REFCLK = 0.0 V, serial port and buffer are not active, buffer is refreshing DRAMs. 
3. REFCLK=25 MHz 
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Symbol 

VDD 

VOH 

VOL 

VOL 

VIH 

VIL 

10Z 

liN 

CIN 

PD 

ClOD 
WIOD 
RIDD 

Min Max Unit 

4.75 5.25 V 

2.4 - V 

- 0.4 V 

- 0.4 V 

- 2.0 V 

0.8 - V 

- :':10 !-LA 

- :':1 !-LA 

- 15 pF 

- TBD mW 

TBD TBD V 
TBD TBD V 
TBD TBD V 
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EXPANSION BUS TIMING (see Figure 10) 

Num Characteristic Formula Symbol Min Max Unit 

Frequency of Operation (E Clock Frequency) fo 2.5 2.5 MHz 

1 Cycle Time tcyC 400 - ns 

2 Pulse Width, E Low 112 tCYC - 32 PWEL 168 - ns 

3 Pulse Width, E High 1/2 tcyc -24 PWEH 176 - ns 

4 E and AS Rise and Fall Time tr,tf - 15 ns 

9 Address Hold Time 1/8 tcyc - 25 (a) tAH 25 - ns 

12 Non-Muxed Address Valid Time to E Rise PWEL-(tASD + 78) (b) tAV 60 - ns 

17 Read Data Setup Time tDSR 50 - ns 

18 Read Data Hold Time Max=tMAD tDHR 10 60 ns 

19 Write Data Delay Time 1/8 tCyc + 70 (a) tDDW - 120 ns 

21 Write Data Hold Time 1/8 tcyc -30 (a) tDHW 20 - ns 

22 Muxed Address Valid Time to E Rise PWEL - (tASD + 78) (b) tAVM 60 - ns 

24 Muxed Address Valid Time to AS Fall 1/8 tcyc -35 (a) tASL 15 - ns 

25 Muxed Address Hold Time 1/8 tcye - 25 (b) tHL 25 - ns 

26 Delay Time, E to AS Rise 1/8 tCYC -20 (a) tASD 30 - ns 

27 Pulse Width, AS High 1/4 tCYC -25 PWASH 75 - ns I 

28 Delay Time, AS to E Rise 1/8 tcyc -20 (b) tASED 30 - ns I 

29 MPU Address Access Time tAVM +tr+ PWEH -tDSR (b) tACCA 201 - ns 

35 MPU Access Time PWEH-tDSR tACCE - 126 ns 

36 Muxed Address Delay (prevIous Cycle MPU Read) tASD+30 (a) tMAD 60 - ns 

NOTE: 
Input clocks with duty cycles other than 50% affect bus performance. Timing parameters affected by the Input clock duty cycle are 
Identified by (a) and (b). To recalculate the approximate bus timing values, substitute the follOWing expressions for 1 8 tcyc In the 
formulas the expansion bus timing table where applicable. 

(a) (l-DC) x 1/4 tcyc 
(b) DC x 1/4 tcyc 

where: 
DC is the deCimal value of the duty cycle percentage, (high time) 

ADDRESS 
(NONMULTIPLEX) 

ADDRESS 
(MULTIPLEXED) 

AS 

Figure 10. Expansion Bus Timing Diagram 
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MC68HC99 

SCSI SELECTION AND RESELECTION TIMING (see Figures 11 and 12) 

Characteristic Symbol Min 

Selection Phase Detect Time tSPD 1 

Bus Settle Delay (BSYIN and SELIN Negated) tBsm tCYC 

Bus Free Delay tBFD 2 tCYC 

Bus Set Delay tBSD 1/2 

Bus Clear Delay (ARB/SDBEN. BSYOUT Negated) tBCD 0 

SELIN 

BSYIN 

BSYOUT 

ARB/SDBEN 

NOTE: 
The assertion of SELIN during the arbitration phase will asynchronously terminate the arbi­
tration phase and cause the HDC to negate BSYOUT and ARB/SDBEN. The assertion of SELOUT 
terminates the arbitration phase. 

SELIN 

BSYIN 

lOIN 

Figure 11. SCSI Arbitration Timing Diagram 

SPD 

) i\ 

\ If 

\ V 

Figure 12. HOC SCSI Selection Phase Timing Diagram 
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MC68HC99 

HOST INTERFACE TRANSFER TIMING (see Figures 13 and 14) 

Characteristic Symbol Min Max Unit 

Request asserted to ACK Asserted tRAAA 0 - ns 

ACK Asserted to REO Negated (Note 1) tAARN 0 1/8 tcyc ns 

REO Negated to ACK Negated tRNAN 0 - ns 

ACK Negated to REO Asserted (Note 2) tANRA 112 1.5 tCYC 

Data Valid to REO Asserted (Transmit) tDVR 55 - ns 

Data Hold from ACK Asserted (Transmit) tDHAA 0 - ns 

Data Valid to ACK Asserted (Receive) tOVAA 55 - ns 

REO Negated to Data Invalid (Hold Time, Receive) tRNOI 0 - ns 

NOTES: 
1. See note (a) in EXPANSION BUS TIMING table. 
2. Both edges of ACK can affect the host transfer speed. Slow ACK timing causes the transfer speed to be degraded in Integer 

multiples of tcyc. 

REO 

ACK 

SDBO-7,P 

REG 

ACK 

SDBO-7,P 

______ ..1 

Figure 13. HOC SCSI Receive Timing Diagram 

Figure 14. HOC SCSI Transmit Timing Diagram 
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MC68HC99 

DISK READIWRITE TIMING (see Figures 15 and 16) 

10 MHz 16 MHz 25 MHz 
Parameter Symbol 

Min Max Min Max Min Max 

REFCLK Period tRFCP 100 4000 62 4000 40 4000 

REFCLK Pulse Width PWRCL 41 59 25 37 16 24 
(50 ± 9.2% Duty Cycle) 

REFCLK Rise/Fall Time tRCRF - 10 - 10 - 10 

NRZ Read Data Setup Time tRDS 20 - 13 - 13 -
(20 ns for TRFCP "" 100 ns, else 13 ns) 

NRZ Read Data Hold Time tRDH 20 - 13 - 13 -
(20 ns for TRFCP "" 1 00 ns, else 13 ns) 

ST-506 AMF Setup Time tAMFS 20 - 13 - 13 -
(20 ns for TRFCP "" 100 ns, else 13 ns) 

WRCLK Pulse Width PWWCL 31 69 19 43 12 28 
(50± 18.8% Duty Cycle) 

NRZ Write Data Setup Time tWDS 14 - 8 - 8 -
(14 ns for TRFCP "" 100 ns, else 8 ns) 

NRZ Write Data Hold Time tWDH 14 - 8 - 8 -
(14 ns for TRFCP "" 100 ns, else 8 ns) 

ST-506 AMEN Setup Time tAMES 14 - 8 - 8 -
(14 ns for TRFCP "" 100 ns, else 8 ns) 

ST-506 AMEN Hold Time tAMEF 14 - 8 - 8 -
(14 ns for TRFCP "" 100 ns, else 8 ns) 

REFCLK 
~. 

tRFCP 

~. 
PWRCL 

? / 

~~ 
PWWCL , 

\ WRCLK 

twos I..: 
twOH -I 

X y 
\ 

NRZ 

tAMES tAMEH 
(ST-506 TIMING ONLY) (ST-506 TIMING ONLY) 

AMEN 

REFCLK 

NRZ 

AMF 

Figure 15. Disk Read Timing Diagram 

______ J ... l-----+4 tAMFS (ST-506 TIMING ONLY) 

Figure 16. Disk Write Timing Diagram 
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MC68HC99 

SPECIAL TIMING (see Figures 17 and 18) 

Characteristic 

Reset Low Input Pulse Width 

Mode/Parity/Unit Programming Setup 

Mode/Parity/Unit Programming Hold 

Timer Input Capture PW (Single-Chip Mode) 

RESET 

SCSI DBO-2.P 
MODE 1.2 

~. 
PWRSTL 

IMPS 
l1li: 

< 
Figure 17. Reset Timing Diagram 

Figure 18. Input Capture Timing Diagram 
(Single-Chip Mode) 
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PWRST 4 - teye 

tMPS 2 - teve 
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MC68HC99 

PORT READ AND WRITE TIMING (see Figures 19 and 20) 

Parameter 

Delay Time, Peripheral Data Write 

Peripheral Read Data Setup Time 
PBO-PB7, PCO-PC7 
SDBO-SDB7, P 
SCSI Inputs 

Peripheral Read Data Hold Time 
PBO-PB7, PCO-PC7 
SDBO-SDB7, P 
SCSI Inputs 

HOC WRITE TO PORT 

PORTS PREVIOUS PORT DATA 

(PBO-7, PCO-7, SDBO-7, SELOUT, BSYOUT, I/O OUT, CMD, MSG, ARB/SDBEN) 

PBO-7, 
PCO-7 

SDOO-7,r 

Figure 19. Port Write Timing Diagram 

HOC READ OF PORT 

I '-l-\~-~\ __ --"----J 

Symbol Min Max 

tpWD - 75 

tpDSUl 50 -
tpDSU2 0 -
tpDSU3 125 -

tPDHl 25 -
tpDH2 0 -
tPDH3 125 -

NEW DATA VALID 

ATN/MODE1, 
1/0_IN/MODE2, 
BSYIN, SELIN 

IPDSU' ~ • • ~PD", 

( ( 2~' ~)---------------

Figure 20. Port Read Timing Diagram 
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MC68HC99 

ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo­
torola using the following media: 

MOOS, disk file 
MS-DOS disk file (360K) 
EPROM(s) 2516, 2716, 2532, 2732 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, sales person, 
or a Motorola representative. 

FLEXIBLE DISKS 

Several types of flexible disks (MOOS@) or MS@)-DOS 
disk file) may be submitted for pattern generation. Disk 
should be programmed with the customer's program, 
using positive logic sense for address and data. The dis­
kette should be clearly labeled with the customer's name, 
date, project or product name, and the filename contain­
ing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MDOS Disk File 

MOOS is Motorola's Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-sided, single-density, 8-inch 
MOOS compatible floppy diskette. The diskette must con­
tain the minimum set of MOOS system files in addition 
to the pattern file. 

The .LO output of the M68HC11 cross assembler should 
be furnished. In addition, the file must be produced using 
the ROLLOUT command, so that it contains the absolute 
image of the M68HC99 memory. It is necessary to include 
the entire memory image of both program and data space. 
All unused bytes, including those in the user space, must 
be set to logic zero. 

MS-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. Disk 
media submitted must be a standard density (360K), dou­
ble-sided 5-1/4 inch compatible floppy diskette. The dis­
kette must contain the object file code in Motorola's S­
record format. The S-record format is a character-based 
object file format generated by cross assemblers and link­
ers on IBM PC style machines. 

To contain the entire MC68HC99 program, 12K bytes 
of EPROM are necessary. Six 2516 or 2716 type EPROMs 

MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 

or three 2532 or 2732 type EPROMs can be submitted for 
pattern generation. The EPROM is programmed with the 
customer's program using positive logic sense for ad­
dress and data. Submissions on two EPROMs must be 
clearly marked. All unused bytes, including the user's 
space, must be set to zero. 

If the MC68HC99 HOC ROM pattern is submitted on 
three 2532 or 2732 EPROMs, or on six 2516 or 2716 type 
EPROMs, memory map addressing is one-for-one. The 
data space ROM runs from EPROM address $018 to $05F, 
and program space ROM runs from EPROM address $960 
to $FF7, with vectors from $FFC to $FFF. 

For shipment to Motorola, EPROMs should be placed 
in a conductive IC carrier and packed securely. Styrofoam 
is not acceptable for shipment. 

Verification Media 

All original pattern media, EPROMs or floppy diSks, are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code Will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
completed, signed, and returned to Motorola. The signed 
verification form constitutes the contractual agreement 
for the creation of the customer mask. To aid in the ver­
ification process, Motorola will program customer sup­
plied blank EPROM(s) or DOS disks from the data file 
used to create the custom mask. 

ROM Verification Units (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur­
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As­
surance. 

Ordering Information 

The following table provides generic information per­
taining to the package type, temperature, and order num­
bers for the MC68HC99. 

Package Type Temperature Order Number 

PLCC O°C to 70°C MC68HC99FN 
FN Suffix - 40°C to + 85°C MC68HC99CFN 

IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENT 

SOB4 

SOB3 

SOB2 

SOB 1 

SOBO 

SELOUT 

BSYOUT 

II 
1/0 OUT 
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, ARB/SOBEN 
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MECHANICAL DATA 

This chapter contains the package availability, at the time of printing for each device as listed in 
Table 4-1 Package Cross-Reference List. Due to technology advances and customer requirements, 
case numbers may change from this listing. If more information is needed on packaging and 
dimensions, contact your local sales representative. 

Table 4-1. Case Number Cross Reference Table 

Device Plastic (P) Cerdip (S) 

MC2672 711-03 * 
MC2674 711-03 * 
MC6800 711-03 734-04 

MC6801 711-03 734-04 

MC6801U4 711-03 734-04 

MC6802 711-03 734-04 

MC6803 711-03 734-04 

MC6803U4 711-03 734-04 

MC6804J1 738-03 * 
MC6804J2 738-03 * 
MC6804P2 710-02 * 
MC6805P2 710-02 733A-01 

MC6805P6 710-02 733A-01 

MC6805R2 711-03 734-04 

MC6805R3 711-03 734-04 

MC6805S2 710-02 * 
MC6805S3 710-02 * 
MC6805U2 711-03 734-04 

MC6805U3 711-03 734-04 

MC6809 711-03 734-04 

MC6809E 711-03 734-04 

MC6810 709-02 623-05 

MC6821 711-03 734-04 

MC6840 710-02 733-04 

MC6844 711-03 734-04 

MC6845 711-03 734-04 

MC6850 709-02 623-05 

MC6852 709-02 623-05 

MC6854 710-02 733-04 

MC6898 * * 
MC68488 711-03 734-04 

MC68701 * 734A-01 

MC68701U4 * 734A-01 

MC68704P2 * 733A-01 

MC68705P3 * 733A-01 

*Not avilable in this package. 
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Table 4-1. Case Number Cross Reference Table (Continued) 

Device Plastic (P) Cerdip (5) 

MC68705P5 * 733A-01 

MC68705R3 711-03 734-04 

MC68705R5 711-03 734-04 

MC68705S3 * 733-04 

MC68705U3 * 734-04 

MC68705U5 * 734-04 

MC68HC04J2 738-03 * 

MC68HC04J3 738-03 * 
MC68HC04P3 710-02 * 

MC68HC04P4 710-02 * 

MC68HC05A6 711-03 * 

MC68HC0584 767-02 * 
MC68HC0586 767-02 * 

MC68HC05C2 711-03 * 

MC68HC05C3 711-03 * 

MC68HC05C4 711-03 * 
MC68HC05C8 711-03 * 

MC68HC05L6 * * 

MC68HC05M4 * * 
MC68HC11AO 767-02 * 
MC68HC11A1 767-02 * 
MC68HC11A8 767-02 * 

MC68HC11D3 767-02 * 

MC68HC11E9 767-02 * 

MC68HC24 711-03 * 
MC68HC34 * 734-04 

MC68HC99 * * 

MC68HC704P4 * 733A-01 

MC68HC70585 767-02 740-03 

MC68HC705C8 711-03 734-04 

MC68HC805C4 711-03 * 

MC68HC80586 * * 

MC68HC811 E2 711-03 * 

MC68HCL05C4 711-03 * 

MC68HCL05C8 711-03 * 
MC68HSC05C4 711-03 * 

MC68HSC05C8 711-03 * 

MC146805E2 710-02 * 

MC146805F2 710-02 733A-01 

MC146805G2 711-03 * 

MC146818 709-02 * 

MC146818A 709-02 * 

MC146823 711-03 * 

*Not avilable in this package. 
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------------ 20-PIN PACKAGE 

W 
SEATING 
PlANE 

PLASTIC DIP 
Case 738-03 

1-t10.25(O.010)® ITIA® I 

NOTES: 

1+10.25(D.Ol0)® ITIB® I 

-
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION "L" TO CENTER OF LEAD WHEN 

FORMED PARALLEL. 
4. DIMENSION "B" DOES NOT INCLUDE MOLD 

FLASH. 

MILLIMETERS 
DIM MIN MAX 
A 25.66 27.17 
B 6.10 6.60 
C 3.81 457 
D 0.39 055 
E 1.27 BSC 
F 1.27 1.77 
G 2.54 BSC 
J 0.21 0.38 
K 2.80 355 
L 7.62 BSC 
M 0° 15° 
N 0.51 1.01 

MOTOROLA MICROPROCESSOR DATA 

4-3 

INCHES 
MIN MAX 
1.010 1 070 
0.240 0260 
0.150 0.180 
0.015 0.022 

0.050 BSC 
0050 0.070 

0.100 BSC 
0.008 0015 
0.110 0.140 

0.300 BSC 
0° 15° 

0.020 0.040 



------------ 24-PIN PACKAGE 

PLASTIC DIP 
Case 709-02 

r-----A -=-~c F II 
--11-, K J L J-\\-

o SEATING M 
PLANE 

CERAMIC PACKAGE 
Case 623-05 

NOTES: 
1. POSITIONAL TOLERANCE OF LEADS (D), 

SHALL SE WITHIN 0.25 mm (0.010) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PlANE AND 
EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEl. 

3. DIMENSION S DOES NOT INCLUDE MOLO 
FLASH. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 31.37 32.13 1.235 1.265 
B 13.72 14.22 0.540 0.560 
C 3.94 5.08 0.155 0.200 
D 0.36 0.56 0.014 0.022 
F 1.02 1.52 0.040 0.060 
G 2.54 SSC 0.100 SSC 
H 1.65 2.03 0.065 0.080 
J 0.20 0.38 0.008 0.015 
K 2.92 3.43 0.115 0.135 
L 15.24 SSC 0.600 SSC 
M 0° 15° 0° 15° 
N 0.51 1.02 0.020 I 0.040 

NOTES: 
1. DU.l "L" TO GErnER OF 

LEADS WHEN FORMED 
PARALLEl. 

2. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING PLANE 

DIM 
A 
B 
C 
0 
F 
G 
J 
K 
L 
M 
N 

AT MAXIMUM MATERIAL 
CONDITION. (WHEN FORMED 
PARALLEL). 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
31.24 32.77 1.230 1.290 
12.70 15.49 0.500 0.610 
4.06 5.59 0.160 0.220 
0.41 0.51 0.016 0.020 
1.27 1.52 0.050 0.060 
2.54 SSC 0.100 SSC 

0.20 0.30 0.008 0.012 
3.18 4.06 0.125 0.160 
15.24 sse 0.600 SSC 
0° 15° 0° 150 
0.51 1.27 0.020 0.050 
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------------ 2a-PIN PACKAGE ------------

, 
1 

C::::::::::]J 

PLASTIC PACKAGE 
Case 710-02 

CERAMIC PACKAGE 
Case 733-04 

NOTES: 
1. POSITIONAL TOLERANCE OF LEADS (D), SHALL SE 

WITHIN 0.25mm(0.010) AT MAXIMUM MATERIAL 
CONDITION, IN RELATION TO SEATING PLANE 
AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEl. 

3. DIMENSION S DOES NOT INCLUDE MOLD FLASH. 

MILUMETERS INCHES 
DIM MIN MAX MIN MAX 
A 36.45 37.21 1.435 1.465 
B 13.72 14.22 0.540 0.560 
C 3.94 5.08 0.155 0.200 
0 0.36 0.56 0.014 0.022 
F 1.02 1.52 0040 0.060 
G 2.54 SSC 0.100 SSC 
H 165 2.16 0065 0085 
J 0.20 0.38 0.008 0.015 
K 2.92 3.43 0.115 0.135 
L 15.24 SSC 0.600 SSC 
M 0° 15° 0° 15° 
N 0.51 1.02 0.020 0.040 

NOTES: 
1. DIM [&J IS DATUM. 
2. POSITIONAL TOL FOR LEADS: 

1 +1 p 0.25 (0.010) ® 1 T 1 A ® 1 
3. rn IS SEATING PLANE. 
4. DIM A AND S INCLUDES MENISCUS. 
5. DIM -L- TO CENTER OF LEADS WHEN FORMED 

PARALLEl. 
6. DIMENSIONING & TOLERANCING PER Y14.5, 1982. 
7. CONTROLLING DIM: INCH. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 36.45 37.84 1.435 1.490 
B 12.70 15.36 0.500 0.605 
C 4.06 5.84 0.160 0.230 
0 0.38 0.55 0.015 0.022 
F 1.27 1.65 0.050 0.065 
G 2.54 SSC 0.100 SSC 
J 0.20 0.30 0.008 0.012 
K 3.18 406 0.125 0.160 
L 15.24 SSC 0.600 SSC 
M 0° 15° 0° 15° 
N 0.51 1.27 0020 0.050 
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___________ 28-PIN PACKAGE (Continued) __________ _ 

CERAMIC PACKAGE 
Case 733A-01 

NOTES: 
1. DIMENSION "A" IS A DATUM. T IS BOTH A DATUM 

AND A SEATING PLANE. 
2. POSITIONAL TOLERANCE FOR LEADS: (28 PLACES I 

1 .1 p 0.25 (0.0101 ® 1 T 1 A ® 1 

3. DIMENSIONS "A" & B INCLUDE MENISCUS. 
4. DIMENSION L TO CENTER OF LEADS WHEN FORMED 

PARALLEL. 
5. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5M, 1982. 
6. CONTROLLING DIMENSION' INCH. 

MIWMmRS 
DIM MIN MAX 
A 36.45 37.84 
B 12.10 1536 
C 4.06 609 
D 0.38 0.55 
F 1.27 1.65 
G 2.54 esc 
J 0.20 0.30 
K 3.17 4.06 
L 15.24 BSC 
M 0° 15° 
N 0.51 1.27 
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INCHES 
MIN MAX 
1.435 1.490 
0.500 0.605 
0.160 0.240 
0.Q15 0.022 
0.050 0.065 

0.100 BSC 
0.008 0.012 
0.125 0.160 

0600 BSC 
0° 15° 

0.020 0.050 



__________ 28-PIN PACKAGE (Concluded) _________ _ 

1-0 

PLCC PACKAGE 
Case 776-02 

B 1 ... 101810007) ® ! T! N ®-p®! L®-M ®! 

U 1 ... 101810oo7)® ITI N®-p®IL®-M®1 

NOTE 1 

G1 

1 ... 102510010) ® ITI N®-p®1 L®-M®I 
_-------_+_A 1 .. 101810007) ® ITI L®-M®I N®-p®1 VIEWD-D 

1 ... 10.2510010)® 

MILUMETERS 
DIM MIN MAX 
A 1232 1257 
B 1232 1257 
C 420 457 
E 2.29 279 
F 033 048 
G 127 BSC 
H 066 081 
J 051 -
K 064 
R 1143 11.58 
U 1143 1158 
V 107 121 
W 1.07 121 
X 107 142 
Y - 050 
Z 2° lCO 

Gl 1042 1092 
K1 102 
Z1 2° 10" 

INCHES 
MIN MAX 
0485 0495 
0485 0495 
0.165 0180 
0090 0110 
0013 0019 

0050 Bse 
0026 0032 
0020 -
0025 
0450 0456 
0450 0456 
0.042 0048 
0042 0048 
0042 0056 
- 0020 
2° 10° 

0.410 0430 
0040 

2° 10° 

DETAIL S 

•• 
NOTES 
1. DUE TO SPACE LIMITATION. CASE 

776-02 SHALL BE REPRESENTED BY A 
GENERAL ISMALLERI CASE OUTLINE 
DRAWING RATHER THAN SHOWING 
ALL 28 LEADS. 

2. DATUMS ·L-, ·M-, -N-, AND -P- DETERMINED 
WHERE TOP OF LEAD SHOULDER EXIT PLASTIC 
BODY AT MOLD PARTING LINE 

3. DIM Gl, TRUE POSITION TO BE MEASURED AT 
DATUM -T-, SEATING PLANE 

4 DIM RAND U DO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE MOLD PROTRUSION 
IS 0 2510.010) PER SIDE. 

5 DIMENSIONING AND TOLERANCING PER ANSI 
Y145M,1982. 

6 CONTROLLING DIMENSION INCH. 

MOTOROLA MICROPROCESSOR DATA 
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----------- 40-PIN PACKAGE -----------

PLASTIC PACKAGE 
Case 711-03 

PlANE 

CERAMIC PACKAGE 
Case 734-04 

[:::::::::::::::::::0 
I A I CCL~ 

~~ 
--M-- ~ ~F ~~D ~[±] K.lM ,-;-

NOTES: 
1. POSITIONAL TOLERANCE OF LEADS (DI. SHALL BE 

WITHIN 0.25 mm (0.0101 AT MAXIMUM MATERIAL 
CONDITION. IN RELATION TO SEATING PLANE 
AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 

MILUMETERS INCHES 
DIM MIN MAX MIN MAX 
A 51.69 52.45 2.035 2065 
B 1372 14.22 0.540 0.560 
C 3.94 5.08 0.155 0.200 
D 0.36 0.56 0.014 0022 
F 1.02 1.52 0040 0.060 
G 2.54 BSC 0.100 BSC 
H 1.65 2.16 0.065 0.085 
J 0.20 I 0.38 0.008 0.Q15 
K 2.92 3.43 0.115 0.135 
L 15.24 BSC 0600 BSC 
M 0° 15° 0° 15° 
N 051 1.02 0020 0040 

NOTES: 
1. DIM ·A- IS A DATUM. 
2. POSITIONAL TOLERANCE FOR LEADS: 

1 t I pO.25 (0.0101® 1 TI A® 1 

3. -T-IS SEATING PLANE. 
4. DIM L TO CENTER OF LEADS WHEN FORMED 

PARALLEL. 
5. DIMENSIONS A AND B INCLUDE MENISCUS. 
6. DIMENSIONING AND TOLERANCING PER ANSI Y14.5. 

1973. 

MILUMETERS INCHES 
DIM MIN MAX MIN MAX 
A 5.31 53.24 2.020 2.096 
B 12.70 15.49 0.500 0.610 
C 4.06 584 0.160 0.230 
D 0.38 0.56 0.Q15 0.022 
F 1.27 1.65 0.050 0.065 
G 2.54 BSC 0.100 BSC 
J 0.20 0.30 0.008 0.012 
K 3.18 4.06 0.125 0.160 
L 15.24 BSC 0.600 BSC 
M 5° 15° 5° 15° 
N 051 1.27 0.020 0.050 
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l~ Y BRK 

44-PIN PACKAGE 

I-D 

PLCC PACKAGE 
Case 777-02 

B 1+1018100071 ® I TIN ®-P®IL®-M ®I 

U 1+1018100071 ® ITI N@-P®IL®-MGJI 

NOTE 1 

G1 

_-------_+__A 1+1018100071 ® ITIL®-M®I N@-P®I VIEWD-D 
1+10.25100101 ® ITI N@-p®IL@-M®1 

~ 

R 1+1018100071® ITIL®-M®I~@-P®I H 

A-~~~~~~---+--L K1 

1+1025100101® 

MILUMETERS 
DIM MIN MAX 
A 17.40 1765 
B 17.40 17 65 
C 420 457 
E 229 279 
F 033 048 
G 127 Bse 
H 066 081 
J 051 -
K 064 -
R 1651 1666 
U 1651 1666 
V 107 121 
W 1.07 121 
X 1.07 142 
Y - 050 
Z 2° 10° 

Gl 1550 1600 
Kl 102 -
Zl 2° 10° 

DETAIL S 

INCHES 
MIN MAX 
0685 0695 
0685 0695 
0165 0180 
0090 0.110 
0013 0019 

0050 Bse 
0026 0032 
0020 -
0025 -
0650 0656 
0650 0656 
0042 0048 
0042 0048 
0042 0056 
- 0020 
2° 10° 

0610 0630 
0040 -

2° 10° 

K 

f"JLF 
DETAIL S 

NOTES 
1. DUE TO SPACE LIMITATION, CASE 

777-02 SHALL BE REPRESENTED BY A 
GENERAL (SMALLER) CASE OUTLINE 
DRAWING RATHER THAN SHOWING 
ALL 44 LEADS. 

2 DATUMS -L-. ·M-, ·N-, AND _po DETERMINED 
WHERE TOP OF LEAD SHOULDER EXIT PLASTIC 
BODY AT MOLD PARTING LINE. 

3 DIM Gl, TRUE POSITION TO BE MEASURED AT 
DATUM ·T·, SEAnNG PLANE. 

4 DIM RAND U DO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE MOLD PROTRUSION 
IS 0 2510 0101 PER SIDE. 

5 DIMENSIONING AND TOLERANCING PER ANSI 
Y145M,1982 

6 CONTROLLING DIMENSION INCH 

MOTOROLA MICROPROCESSOR DATA 



----------- 48-PIN PACKAGE -----------

PLASTIC PACKAGE 
Case 767-02 

L A I 

f:: : : : : : : : : : : : : : : : : : : : : : :1] 
~NT~=J .L~ 

J IH t m[ 
I-H --i G i-- I-=.F --H-o ~ -..j M J-\\-

NOTES 
1 []J IS END OF PACKAGE DATUM PLANE 

IT] IS BOTH A DATUM AND SEATING 
PLANE 

2 POSITIONAL TOLERANCE FOR LEADS 1 
AND 48 
Iii 051 (0020) I T I B @ I R I 
POSITIONAL TOLERANCE FOR LEAD 
PATTERN 
Ii-I 025(0010)1 TI B@I 

3 DIMENSION B DOES NOT INCLUDE MOLD 
FLASH 

4 DIMENSION LIS TO CENTER OF LEADS 
WHEN FORMED PARALLEL 

5 DIMENSIONING AND TOLERANCING PER 
ANSI Y14 5, 1982 

6 CONTROLLING DIMENSION INCH 

MILLIMETERS 
DIM MIN MAX 

A 6134 62 10 
B 1372 1422 
C 394 508 
D 036 055 
F 1.02 1 52 
G 254 BSC 
H 1 79 BSC 
J 020 038 
K 292 342 
L 1524 BSC 
M 0° 15° 
N 051 1 01 

MOTOROLA MICROPROCESSOR DATA 
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INCHES 
MIN MAX 

2415 2445 
0540 0560 
o 155 0200 
0014 0022 
0040 0060 

0100 BSC 
0070 BSC 

0008 0015 
o 115 o 135 

0600 BSC 
0° 15° 

0020 0040 



48-PIN PACKAGE (Continued) _________ _ 

It I 025 (0010) ® I T I A ®I 

NOTES: 

CERAMIC PACKAGE 
Case 740-03 

1+1025 (00101 ® 1 T 1 B ®I 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M.1982. 

2. CONTROLL!NG DIMENSION: INCH. 
3. DIM L TO CENTER OF LEAD WHEN FORMED 

PARALLEL 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 60.36 61.56 2.376 2424 
B 14.64 15.34 0.576 0604 
C 3.05 431 0.120 0.170 
D 0.381 0.533 0015 0.021 
E 1.27 Bse 0.050 BSC 
F 0.762 1.397 0030 0.055 
G 254 BSC 0.100 BSC 
J 0.204 0.330 0008 0.013 
K 2.54 4.19 0.100 0.165 
L 1524 BSC 0.600 BSC 
M 0° 10° 0° 10° 
N 1.016 1.524 0040 0.060 
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----------- 52·PIN PACKAGE -----------

/-D 

PLCC PACKAGE 
Case 778-02 

B l-tl 0 18 (00071 ® I TIN ®-p®1 L®-M ®I 

u 1 ... 10.18 (00071 ® I TIN ®-p®1 L®-M ®I 

Gl 

1+1025(00101 ® ITI N®-P®I L®-M®I 
104--------.,r-A 1+1018(00071 ® ITI L®-M®I N®-p®1 VIEW D-D 

i 
R 1+lolB(00071® ITIL®-M®I~®-P®I H 

~~~~~*=~---r-~ Kl 

l-tl 025 (0 0101 ® 

DIM 
A 
B 
C 
E 
F 
G 
H 
J 
K 
R 
U 
V 
W 
X 
Y 
Z 
Gl 
Kl 
ZI 

DETAIL S 

MILLIMETERS INCHES 
MIN MAX MIN M~L 
1994 20.19 0785 0.795 
1994 2019 0.785 0795 
420 457 0165 0.180 
2.29 279 0090 0110 
033 048 0013 0019 

127 BSC 0050 BSC 
066 081 0026 0032 
051 - 0020 -
064 - 0025 -

1905 1920 0750 0756 
1905 19.20 0750 0756 

1.07 121 0042 0048 
107 1.21 0042 0048 
107 1.42 0042 0.056 
- 050 - 0020 
2° 10° 2° 10° 

1804 1854 0710 0730 
102 - 0040 -
2° 10° 2° 10° 

K 

r-J L F ~----r-1----=----=-r--=--= 
DETAIL S 

NOTES 
1. DUE TO SPACE LIMITATION, CASE 718-02 SHALL 

BE REPRESENTED BY A GENERAL (SMALLERI 
CASE OUTLINE DRAWING RATHER THAN 
SHOWING ALL 52 LEADS 

2 DATUMS -L-, -M-, -N-, AND -P- DETERMINED 
WHERE TOP OF LEAD SHOULDER EXIT PLASTIC 
BODY AT MOLD PARTING LINE. 

3. DIM G1. TRUE POSITION TO BE MEASURED AT 
DATUM -T-, SEATING PLANE. 

4. DIM RAND U DO NOT INCLUDE MOLD 
PROTRUSION ALLOWABLE MOLD PROTRUSION 
IS 0.25 (00101 PER SIDE. 

5. DIMENSIONING AND TOLERANCING PER ANSI 
Y145M,1982 

6 CONTROLLING DIMENSION. INCH 
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EVALUATION MODULES 

Motorola has developed a series of inexpensive evaluation modules (EVMs) to support the M6801, 
M6804, M6805, M68HC11 Families of microcontroller units (MCUs) and the MC6SHC99 Hard Disk 
Controller (HDC). 

These EVMs aid in designing, debugging, and evaluating the MCU-based target system. This is 
accomplished by providing monitor debugging firmware, one-line assembler/disassembler, EPROM/ 
EEPROM MCU programming, and host computer down loading capabilities. 

Interfacing is accomplished through an RS-232C compatible terminal/host computer Input/Ouput 
(110) ports and MCU expansion I/O ports. The user need only provide a power supply and RS-
232C compatible terminal. Table 5-1 provides a quick reference to the MCUs supported by the 
EVMs. An evaluation products brochure (BR292 R1) is also available for more information on the 
EVMs. 

The following paragraphs provide additional information application to a specific EVM. 

M68701 EVM - Dual 64K-Byte Memory Maps; SK Monitor RAM/ROM, 4K Users Pseudo ROM, 
MCU (Expanded Multiplexed/Single Chip Mode) Extended I/O Ports. Literature available Brochure 
BR2S5/D. 

M68HC04EVM - 8K Bytes Monitor EPROM, 4K Bytes Pseudo ROM/RAM, 20-PIN MCU Extension 
I/O Port HMOS/HCMOS Compatible, 28-Pin Extension I/O Port HMOS/HCMOS Compatible, EPROM 
MCU Programmer: 28-Pin Dual-in-Line Package. Literature available Brochure BR288/D. 

M68705EVM - Dual 4K-Byte Memory Maps; 4K Monitor RAM/ROM, 4K Users Pseudo ROM, 
EPROM MCU Programmer (2S-Pin and 40-Pin DIP Packages), MCU (2S-Pin and 40-Pin) Expanded 
I/O Ports. Literature available Brochure BR291/D. 

M1468705EVM - Dual 4K-Byte Memory Maps; 4K Monitor RAM/ROM, 4K User Pseudo ROM, 
EPROM MCU Programmer 2S-/40-Pin DIP and 28-/44-Pin-Lead PLCC (Plastic Leaded Chip Carrier) 
Packages. Literature available Brochure BR294/D. 

M68HC05EVM - Dual 8K-Byte Memory Maps; 6K Monitor EPROM, SK User Pseudo ROM, Single II 
Chip Mode 40, 52, and 68-Pin MCU Extension I/O Ports-HCMOS Compatible, EEPROM MCU Pro-
grammer, EPROM MCU Programmer: 40-Pin Dual-in-Line Packages, 40/52-Lead PLCC (Plastic 
Leaded Chip Carrier) Packages, 28 Pin DIP. Literature available Brochure BR295/D. 

MC68HC05M4EVM - Dual 16K-Byte Memory Map; SK Monitor EPROM; 16K User Pseudo ROM; 
68-Pin (Two 34-Pin Connectors) MCU Extension I/O Port; HCMOS/High-Voltage MCU I/O Port 
Selection Capabilities. Literature available Brochure BR569/D. 

M68HC11EVM - Dual 64K-Byte Memory Map; SK Byte Monitor EPROM, 16K Byte User Pseudo 
ROM, Expanded Multiplexed Mode and Single Chip Mode MCU Extension I/O Ports-HCMOS 
Compatible, EEPROM MCU Programmer; 48-Pin Dual-in-Line Package, 52-Lead PLCC (Plastic Leaded 
Chip Carrier) Packages. Literature available Brochure BR266/D. 

M68HC11EVB - 46K-Byte Memory Map; 8K Monitor EPROM, 8K116K User ROM, Evaluates Single 
Chip Mode Only, Replaces MCU I/O Ports Band C for EVB Single Chip Mode Evaluation, 60-Pin 
MCU extension I/O Port HCMOS Compatible. Literature available Brochure BR278/D. 

MOTOROLA MICROPROCESSOR DATA 

!ii_1 



II 

M68HC99EVM - Dual 64K-Byte Memory Map; 8K Byte Monitor EPROM, 16K Byte User Pseudo 
ROM, Expanded Multiplexed Mode and Single Chip Mode MCU Extension 1/0 Ports HCMOS 
Compatible. Literature available Brochure BR512/D. 

Table 5-1. EVM Selector Guide 

Device Support 

MC6801 
MC6801U4 
MC68701 
MC68701U4 

MC6803 
MC6803U4 

MC6804J1/J2 
MC6804P2 
MC68704P2 
MC68HC04P2/P3 

MC6805P2/P4/P6 
MC6805R2/R3 
MC6805U2/U3 
MC68705P3/P5 
MC68705R3 
MC68705U3/U5 

MC146805F2 
MC146805G2 
MC1468705F2 
MC1468705G2 

MC68HC05A6 
MC68HC0584/86 
MC68HC05C2/C4/C8 
MC68HC05L6 
MC68HC705C8 
MC68HC80586 
MC68HC805C4 
MC68HCL05C4/C8 
MC68HSC05C4/C8 

MC68HC05M4 

MC68HC11AO/A 1/A8 
MC68HC11EO/E1/E9 
MC68HC811A2 
MC68HC811 E2 

MC68HC99 

::2:::2: 
» w w 
~ L!) 
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00 00 
(0 (0 
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• 
• 
• 
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DEVELOPMENT STATION 

HDS-300 MICROCONTROLLER HARDWARE/SOFTWARE DEVELOPMENT STATION 

The HDS-300 supports the following MCUs and microprocessors (MPUs): MC68HC11A8, MC6801/ 
03, MC68701, MC6809, and MC68HC05C4/C8. The following are some of the features available on 
the HDS-300. 

• Real-Time Emulation, Bus State Monitor, and System Performance Analyzer (SPA) 
• Real-Time Trace with Disassembly and 5-1/4 Inch Disk Storage, 
• "C" Language Source Level Debug and Formatted Screen Displays, 
• One-Line Assembler/Disassembler and Multi-Level Help Display, 
• Multiple Station Synchronization and Powerup Self-Test Capability, 
• RS-232C Terminal/Host Interface Ports and Centronics Compatible Printer Interface Port. 

For further information on the HDS-300 order data sheet HDS-300/DD. 

HDS-300 Microcontroller 
Hardware/Software Development Station 

Design Features 

• Real-Time Emulation 
• Bus State Monitor 
• System Performance Analyzer (SPA) 
• Real-Time Trace with Disassembly 
• "C" Language Source Level Debug 
• One-Line Assembler/Disassembler 
• Multi-Level Help Display 
• Multiple Station Synchronization 
• RS-232C Terminal/Host Interface Ports 
• Centronics-Compatible Printer Interface Port 

MOTOROLA MICROPROCESSOR DATA 
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The HDS-300 development system serves as the key link between the host system and the target 
Microcontroller Unit (MCU) or Microprocessor Unit (MPU). The development station provides a 
quick, user-friendly way to reduce engineering costs and to minimize the risk of failure. The HDS-
300 has the capability to operate either as a standalone or with a development host system. 

With the host development system, software can be developed on an RS-232C compatible host 
and then the object code can be downloaded to the HDS-300 for target emulation and debug. 
When performing source level debug, a hosted HDS-300 displays source and compiled code 
(including mnemonics) to allow easy modification or step-by-step analysis at either level. 

A Bus State Monitor provides trace history as well as real-time trace analysis with disassembly. 
The use of windows allows easy examination of the trace history of the target system. The HDS-
300 allows up to 64 breakpoints to be simultaneously active which streamlines debugging and 
code verification. Other features include plus user macros, emulation memory, target status anal­
ysis, HELP screens, and user-friendly windows. 

Emulators 

The emulators are used to link the HDS-300 and host system to the target system. The emulators 
plug directly into the socket that the MCU or MPU would normally occupy and provide the proper 
electrical connections to duplicate the normal MPUlMCU functions in the target system. Emulators 
for the HDS-300 System are available to support the M6801, M6803, M6809/E, M68HC05C4/C8 
and M68HC11 MCU/MPU Families, as well as the MC68000 Family of 16- and 32-bit MPUs. 

Source Level Debugger 

The Source Level Debugger (SLD) is a window-based debugger which allows you to view and 
manipulate the target system via source code. Key features include single stepping, free running 
execution, restart execution from the beginning ofthe application, and the ability to set breakpoints 
at the source line, function, or physical address. This allows you to see how the compiler handles 
your source code, instruction by instruction, and then allows you to reprogram where necessary. 
Other features include the displaying of intermixed source and assembly code, and scrolling of 
source windows. 
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LOW COST 
EVALUATION MODULES 

A series of inexpensive evaluation modules (EVMs) are available for designing, debugging, and 
evaluating Motorola microprocessors (MPUs) and microcontrollers (MCUs) in target system equip­
ment. The EVMs provide all of the essential MPU/MCU timing. The on-board ROM contains 
extensive commands for controlling input/output (110) and debug operations, including Motorola 
S-record transfer. 

Memory, internal registers, and I/O registers may be displayed and modified. Program execution 
may be traced one step at a time or breakpoints may be inserted for program interruption. Circuitry 
and firmware are included to allow one time programmable read-only memory (OTPROM), eras­
able programmable read-only memory (EEPROM) MCUs to be programmed. The EVMs require 
only a power supply and RS-232C compatible terminal for operation. 

M68701EVM 

The M68701EVM was designed to evaluate the MC6801, MC6801 U4, MC6803, MC6803U4, MC68701, 
and MC68701 U4 based target system equipment. . 

This EVM operates in either the expanded multiplexed mode (mode 2) or the single chip mode 
(mode 7). Generating, executing, and debugging of target system MCU code can be accomplished 
in either mode. If mode 2 is used, the target system ROM must be replaced with RAM. This 

bit-per-second (bps) to 19.2 Kbps. An EPROM programmer is also provided on the EVM. 

replacement enables operations such as breakpoint, trace, download, assemble, disassemble, and II 
memory modify operations. The host and terminal baud rates are hardware selectable from 150 

M68705EVM and MC1468705EVM 

The M68705EVM evaluates the MC6805P2/P6, MC6805R2/R3, MC6805U2/U3, MC68705P3/P5, 
MC68705R3, and MC68705U3/U5 HMOS MCU-based target system equipment. The M1468705EVM 
evaluates the MC146805F2 and MC146805G2 CMOS MCU-based target system equipment. 

Data transfer within the EVM is controlled by the monitor ROM firmware. User object code may 
be downloaded into user program RAM (Pseudo ROM) via the host port. The host and terminal 
port ACIA baud rates are hardware selectable from 100 bps to 19.2 Kbps and both EVMs have 
EPROM programmers. 
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M68HC04EVM 

The M68HC04EVM evaluates the MC6804J1, MC6804J2, MC6804P2, MC68704P2, MC68HC04P2, 
and the MC68HC04P3 MCU-based target system equipment. This module contains two resident 
MCUs, the MC68HC04P3 and the MC6803U4. The MC68HC04P3 is used for evaluating the M6804 
Family of HMOS and HCMOS devices and the MC6803U4 controls the EVM monitor functions. 

The EVM has an independent hardware baud rate selection of 300 to 19.2 Kbps. Selectable options 
such as host baud rate, port configuration, IRQ input, EPROM programmer, and clock divide and 
input selection are provided on the EVM. 

M68HC05EVM 

The M68HC05EVM evaluates the MC68HC05B5/B6, MC68HC05C2/C3/C4/C8/C9, MC68HC05A6, 
MC68HC05L6, MC68HC705C8, MC68HC805B6, and MC68HC805C4 HCMOS MCU based target sys­
tem equipment. The EVM has limitations on evaluating the MC68HCL05C4/C8 and MC68HSC05C4/ 
C8 MCUs in respect to power and speed, respectively. 

The terminal port has a 9600 fixed baud rate and the host port has software selectable baud rate 
of 300 to 19.2 Kbps. Selectable options such as IRQ sensitivity, clock input selection, and OTPROM/ 
EPROM/EEPROM programmer are provided on the EVM. 

M68HC05M4EVM 

The M68HC05M4EVM evaluates a MC68HC05M4 HCMOS MCU-based target system equipment. 
The terminal port has a 9600 fixed baud rate and the host port has software selectable baud rate 
of 300 to 19.2 I(bp~. Selectable option~ ~uch a~ IRQ ~ensitivity and clocl: input selection nre 
provided on the EVM. This EVM has HCMOS/high-voltage MCU I/O port selection capabilities. 

M68HC11 EVM and M68HC11 EVB 

The M68HC11 EVM evaluates both the M68HC11A8 and M68HC11 E9 Family devices. 

The EVM has a auto-selectable baud rate for the terminal from 150 to 19.5 Kbps and a software 
selectable baud rate for the host. Jumper selectable options such as evaluation mode, clock input 
selection, and EEPROM MCU programmer are provided on the EVM. 

The EVB evaluates the MC68HC11AO/A 1/A8 only and the MC68HC811A2 with some restrictions. 
The EVB was designed along with a monitor/debugging program called BUFFALO (Bit User Fast 
Friendly Aid to Logical Operations) as a low cost alternate to the M68HC11 EVM. The EVB only 
emulates the single chip mode of operation, but operates in the expanded multiplexed mode at 
all times. Jumper selectable options such as evaluation mode and clock input selection are pro­
vided on the EVM. The EVB has no EEPROM programmer. 
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M68HC99EVM 

This module evaluates the MC68HC99 Hard Disk Controller (HOC) based target system equipment. 
The EVM operates in either the expanded multiplexed (1, 2, or 3) or single chip mode. 

The EVM has a auto-selectable baud rate for the terminal from 150 to 19.2 Kbps and a software 
selectable baud rate from 150 to 19.2 Kbps for the host. Jumper selectable options such as 
evaluation mode and clock input selection are available. 
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This chapter contains the ordering forms for the devices in Chapter 3. A copy 
of the form(s) may be submitted when ordering to maintain integrity of the data 
book. Please ensure all applicable blanks are filled in. 

Electronic transfer of Read Only Memory (ROM) patterns is scheduled to be 
available by the end of 1988. Contact your local Motorola sales office or repre· 
sentative to find out when this service will be available. 

Ordering Information Forms 
Volume II 
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MC6801/MC6803 ORDERING FORM 

Date ___________ _ Customer PO Number ______________ _ 

Customer Company _____________________________ _ 

Address _____________________________________ _ 

City _____________ _ State ______ Zip ______________ _ 

Country _____________________________________________ __ 

Phone ___________________________ Extension 

Customer Contact Person _______________________________________ __ 

Customer Part Number ____________________________________________ _ 

(12 Characters Maximum-If Applicable) 

Mask Option List 

Type of MCU o MC6801 o MC6803 

Temperature Range Package Type 

Pattern Media 
Diskette: 

EPROM: 

(SIGNATURE) 

(SIGNATURE) 

o 0° to 70)C 
o -40" to +85C 

o MOOS Disk File 
o PC-DOS Disk File 
o Two 2516 or 2716 

o Cerdip 
o Plastic 

Frequency of Operation 
o 1.0 MHz 
o 1.25 MHz 
[] 2.0 MHz o Other ______________________ __ 

(Requires prior factory approvaL) 

Device to be tested to Motorola data sheet specifications. Cus­
tomer part number, If used as part of marking, IS for reference 
purposes only. 

Device to be tested to customer specifications. (Customer spec­
ifications required.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 





MC6801U4/MC6803U4 ORDERING FORM 

Date ___________ _ Customer PO Number _______________ _ 

Customer Company ______________________________ _ 

Address ________________________________________________ _ 

City __________________ State _____ _ Zip ________________ _ 

Country ___________________________________________________________________ _ 

Phone _____________________________ Extension _____________________________ _ 

Customer Contact Person ________________________________________________________ _ 

Customer Part Number __________________________________________________________ _ 

(12 Characters Maximum-If Applicable) 

Mask Option List 

Type of MCU o MC6801U4 o MC6803U4 

Temperature Range 
o 00 to 70°C 
o - 400 to 85°C 

Pattern Media Package Type 
Diskette: 0 MDOS Disk File 

o PC-DOS Disk File 
o Cerdip 
o Plastic 

EPROM: Frequency of Operation 
o Two 2516 or 2716 o 1.0 MHz 
o 2532 or 2732 
o MC68701U4 
o Other 

(SIGNATURE) 

(SIGNATURE) 

o 1.25 MHz 

(Requires prior factory approval.) 

Device to be tested to Motorola data sheet specifications. Cus­
tomer part number, if used as part of marking, IS for reference 
purposes only. 

Device to be tested to customer speCifications. (Customer spec­
ifications required.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 
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MC6804J1 ORDERING FORM 

Date ______________________ ___ Customer PO Number _____________________________ _ 

Customer Company ____________________________________________________________ ___ 

Address ______________________________________________________________________ _ 

City ________________________ _ State ____ _ Zip __________________________ ___ 

Country _____________________________________________________________________ _ 

Phone ___________________________ Extension ______________________________ _ 

Customer Contact Person ______________________________________________________ _ 

Customer Part Number ______________________________________________ _ 

(12 Characters Maximum-If Applicable) 

MC6804J1 MASK OPTION LIST 

Internal Oscillator Input Interrupt Tngger 
o Crystal o Edge-Sensitive 
o Resistor o Level-Sensitive 

Output Dnve (Select one Option per Port) Test Clamping Diode 
(Available only with LSTTL 
or Open Drain Outputs) 

LSTTL CMOS/LSTTL Open Drain 
Port A 
Port B 

o 0 0 
o 0 0 DYes 

o No 

Temperature 
o O°C to 70DC 
o - 40°C to + 85°C 

Clock Frequency: _______________ _ 

Special Electncal ProvIsions. __________________________________ _ 

Pattern Media 
Diskette. 

EPROM: 

(SIGNATURE) 

(SIGNATURE) 

(Customer specifications required.) 

o MDOS Disk File o PC-DOS Disk File 
o MS-DOS Disk File 
o Two 2516 or 2716 DOne 2532 or 2732 o Other ______________________________________ _ 

(Requires pnor factory approval.) 

Device to be tested to Motorola data sheet specifications. Cus­
tomer part number, If used as part of mark,ng, IS for reference 
purposes only. 

Device to be tested to customer specificatIOns. (Customer spec­
ifications required.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 
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MC6804J2 ORDERING FORM 

Date ______________________ ___ Customer PO Number ______________________________ _ 

Customer Company ____________________________________________________________ ___ 

Address ______________________________________________________________________ _ 

City _____________________ ___ State _____ _ Zip _________________________ _ 

Country _______________________________________________________________ _ 

Phone _______________________________ Extension ___________________________ _ 

Customer Contact Person ____________________________________________________ _ 

Customer Part Number ________________________________________________________ __ 

(12 Characters Maximum-If Applicable) 

MC6804J2 MASK OPTION LIST 

Internal Oscillator Input 
D Crystal 

Interrupt Trigger 
D Edge-Sensitive 
D Level-Sensitive D Resistor 

Output Drive (Select one Option per Port) Test Clamping Diode 
(Available only with LSTIL 
or Open Drain Outputs) 

LSTIL CMOS/LSTIL Open Drain 
Port A 
Port B 

D D D 
D D D DYes 

D No 

Temperature 
D O°C to 70°C 
D - 40°C to + 85°C 

Clock Frequency: ___________________ _ 

Special Electrical ProvIsions: _____________________________________________ _ 

Pattern Media 
Diskette: 

EPROM: 

(SIGNATURE) 

(SIGNATURE) 

(Customer specifications required.) 

D MDOS Disk File 
D MS-DOS Disk File 
D Two 2516 or 2716 

D PC-DOS Disk File 

DOne 2532 or 2732 
D Other _____________________ _ 

(Requires prior factory approval.) 

Device to be tested to Motorola data sheet specifications. Cus­
tomer part number, If used as part of marking, is for reference 
purposes only. 

DeVice to be tested to customer specifications. (Customer spec­
ifications required.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 
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MC6804P2 ORDERING FORM 

Date ________________________ _ Customer PO Number ______________________________ _ 

Customer Company ____________________________________________________________ ___ 

Address ______________________________________________________________________ _ 

City _______________________ _ State ____ _ Zip __________________________ ___ 

Country _____________________________________________________________________ _ 

Phone _______________________________ Extension ______________________________ _ 

Customer Contact Person ______________________________________________________ _ 

Customer Part Number _________________________________________________________ __ 

(12 Characters Maximum-If Applicable) 

MC6804P2 MASK OPTION LIST 

Internal Oscillator Input Interrupt Trigger 
o Crystal o Edge-Sensitive 
o Resistor o Level-Sensitive 

Output Drive (Select one Option per Port) Test Clamping Diode 
(Available only with LSTIL 
or Open Drain Outputs) 

LSTIL CMOS/LSTIL Open Drain 
Port A 
Port B 

o 0 0 
o 0 0 DYes 

o No Port C o 0 0 

Temperature 
o ODC to 70DC 
o - 40DC to + 85DC 

Clock Frequency: ___________________ _ 

Special Electrical Provisions: ________________________________________________ _ 

Pattern Media 
Diskette: 

EPROM: 

(SIGNATURE) 

(SIGNATURE) 

(Customer specifications required.) 

o MDOS Disk File o PC-DOS Disk File 
o MS-DOS Disk File 
o Two 2516 or 2716 DOne 2532 or 2732 o Other ______________________________________ _ 

(Requires prior factory approval.) 

Device to be tested to Motorola data sheet specifications. Cus­
tomer part number, if used as part of marking, IS for reference 
purposes only. 

Device to be tested to customer specifications. (Customer spec­
ifications required.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 
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MC68HC04J2 ORDERING FORM 

Date ______________________ __ Customer PO Number ____________________________ _ 

Customer Company ____________________________________________________ ___ 

Address ______________________________________________________________________ _ 

City ________________________ _ State _____ _ ZI P __________________________ ___ 

Country ______________________________________________________________________ _ 

Phone _________________________________ Extension 

Customer Contact Person _______________________________________________________ ___ 

Customer Part Number __________________________________________________________ __ 

Internal Oscillator Input: 
D Crystal/Resonator 
D Resistor-Capacitor 

(12 Characters Maximum-If Applicable) 

Clock Predivide Ratio: 
D Divide-by-One 
D Divide-by-Two 
D Divide-by-Four 

Interrupt Trigger 
D Edge-Sensitive 
D Edge/Level-Sensitive 

I/O Options: Pulldowns No Pulldowns Input Options: Pullups No Pullups 
PA4, 5,6, 7 
PBO 
PB1,2 
PB3,4,5,6,7 

D D 
D D 
D D 
D D 

Reset D D 
D Interrupt D 

Security: 
Program 
ROM 

Protected No Protection 
D D 

Voltage Supply (Select any or all): D 2.2 V± 10% D 3.0 V± 10% D 5.0 V± 10% 

Temperature Range: Clock Frequency: ______________________ _ 

Special Electrical Provisions: 

Pattern Media 
Diskette: 
EPROM 

(SIGNATURE) 

(SIGNATURE) 

(Customer specifications required.) 

D MOOS Disk File 
D Two 2516 or 2716 

D MS-DOS Disk File 
DOne 2532 or 2732 

D Other _________________________________________ _ 

(Requires prior factory approval.) 

Device to be tested to Motorola data sheet specifications Cus­
tomer part number, If used as part of marking, IS for reference 
purposes only. 

Device to be tested to customer specifications. (Customer spec­
ificatIOns reqUired.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 





MC68HC04J3 ORDERING FORM 

Date ______________________ ___ Customer PO Number ______________________________ _ 

Customer Company ______________________________________________________ __ 

Address ____________________________________________________________ ___ 

City ______________________ __ State _____ ZIP ________________________ __ 

Country _________________________________________________________________ _ 

Phone _______________________________ Extension 

Customer Contact Person ________________________________________ __ 

Customer Part Number ___________________________________________________ __ 

(12 Characters Maximum-If Applicable) 

Internal Oscillator Input: Clock Predivlde Ratio: Interrupt Trigger 
o Crystal/Resonator o Divide-by-One o Edge-Only Sensitive 
o Resistor-Capacitor o Divide-by-Two o Edge/Level Sensitive 

o Divide-by-Four 

I/O Options: Pulldowns No Pulldowns Input Options: Pullups No Pullups 
PA4, 5, 6, 7 0 0 Reset 0 0 
PBO 0 0 Interrupt 0 0 
PB1,2 0 0 
PB3, 4, 5, 6, 7 0 0 Security: Protected No Protection 

Program 0 0 
ROM 

Voltage Supply (Select any or all): 0 2.2 V± 10% 0 3.0 V± 10% 0 5.0 V± 10% 

Temperature Range: Clock Frequency: ____________________ _ 

Special Electrical Provisions: 

Pattern Media 
Diskette: 
EPROM 

(SIGNATURE) 

(SIGNATURE) 

(Customer specifications required.) 

o MOOS Disk File o MS-DOS Disk File 
DOne 2532 or 2732 o Two 2516 or 2716 

o Other 

(Requires prior factory approval.) 

Device to be tested to Motorola data sheet speCifications. Cus­
tomer part number, If used as part of marking, IS for reference 
purposes only. 

Device to be tested to customer speCifications (Customer spec­
IficatIOns reqUired.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 
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MC6805P2 ORDERING FORM 

Date ___________ _ Customer PO Number ______________ _ 

CustomerCompany ____________________________________ _ 

Address ________________________________________ _ 

City _____________ State _____ Zip ______________ _ 

Country __________________________________ _ 

Phone _________________ Extension _______________ _ 

Customer Contact Person ____________________________ _ 

Customer Part Number _____________________________ _ 

Pattern Media 

(12 Characters Maximum-If Applicable) 

Timer Clock Source Internal Oscillator Input 
o Internal <1>2 clock o Crystal 
o TIMER input pin o Resistor 

Timer Prescaler Low Voltage Inhibit 
o 2° (divide by 1) o Disable 
o 2' (divide by 2) o Enable 
o 22 (divide by 4) 
o 23 (divide by 8) 
o 24 (divide by 16) 
o 25 (divide by 32) 

Port A Output Drive 
o CMOS and TTL 

o 26 (divide by 64) o TTL only 
o 27 (divide by 128) 

Clock Freq. _____ _ 

Temp. Range -----0 0° to + 70°C (Standard) 

o MDOS Disk File 
o 2516 or 2716 EPROM 
o MC68705P3 

D PC-DOS Disk File 
D MS-DOS Disk File 

o Other _________________________________ _ 

(Requires prior factory approval.) 

(SIGNATURE) 
Device to be tested to Motorola data sheet specifications. Cus­
tomer part number, if used as part of marking, is for reference 
purposes only. 

(SIGNATURE) Device to be tested to customer specifications. (Customer spec­
ifications required.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 





MC6805P6 ORDERING FORM 

Date ___________ _ Customer PO Number ______________ _ 

CustomerCompany _____________________________ __ 

Address ___________________________________ _ 

City ______________ State _____ Zip _____________ _ 

Country __________________________________ _ 

Phone _________________ Extension ______________ _ 

Customer Contact Person ____________________________ __ 

Customer Part Number _____________________________ _ 

Pattern Media 

(12 Characters Maximum-If Applicable) 

Timer Clock Source Internal Oscillator Input 
o Internal <\>2 clock o Crystal 
o TIMER input pin o Resistor 

Timer Prescaler 
o 2° (divide by 1) 
o 2' (divide by 2) 
o 22 (divide by 4) 

Low Voltage Inhibit 
o Disable 
o Enable 

o 23 (divide by 8) 
o 24 (divide by 16) 
o 25 (divide by 32) 
o 26 (divide by 64) 
o 27 (divide by 128) 

Port A Output Drive 
o CMOS and TTL 
o TTL only 

Clock Freq. _____ _ 

Temp. Range-----D 0° to + 70°C (Standard) 

D MOOS Disk File 
o 2516 or 2716 EPROM 
o MC68705P3 

D PC-DOS Disk File 
o MS-DOS Disk File 

D Other _________________________ _ 

(Requires prior factory approval.) 

(SIGNATURE) 
Device to be tested to Motorola data sheet specifications. Cus­
tomer part number, if used as part of marking, is for reference 
purposes only. 

(SIGNATURE) Device to be tested to customer specifications. (Customer spec­
ifications required.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 
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MC6805R2 ORDER FORM 

Date ______________ __ Customer PO Number _______________ _ 

Customer Company ________________________________ _ 

Address _____________________________________ __ 

City ____________ _ State _____ ZIP ______________ _ 

Country ____________________________________ __ 

Phone ___________________ Extension ________________ _ 

Customer Contact Person ______________________________ _ 

Customer Part Number _______________________________ ___ 

(12 Characters Maximum-If Applicable) 

Internal OSCillator Input 
o Crystal 
o Resistor 

Low Voltage Inhibit 
o Disable 
o Enable 

Timer Clock Source 
o Internal <1>2 clock 
o TIMER Input pin 

Timer Prescaler 
o 2° (divide by 1) 
o 2' (divide by 2) 
o 22 (divide by 4) 
o 23 (divide by 8) 
o 24 (divide by 16) 
o 25 (divide by 32) 
o 26 (divide by 64) 

Port A Output Drive 
o CMOS and TIL 
o TIL Only 

Port C Output Dnve 
o TIL 
o Open-Drain 

o 27 (divide by 128) 

Clock Frequency ____________________ _ 

Temperature Range __________________ _ O°C to + 70°C (Standard) 
- 40°C to + 85°C 

Pattern Media 
D MDOS Disk File 
D 2532/2732 EPROM 
D 2516/2716 EPROM 

D PC-DOS Disk File 
D 68705R3 EPROM 

D MS-DOS Disk File 

D Other ______________________________________ ___ 

(Requires prior factory approval.) 

(SIGNATURE) 
Device to be tested to Motorola data sheet specifications. Cus­
tomer part number. If used as part of marking. IS for reference 
purposes only. 

(SIGNATURE) Device to be tested to customer specifications. (Customer spec­
Ifications required.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 
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MC6805R3 ORDERING FORM 

Date ________________________ __ Customer PO Number ______________________________ _ 

Customer Company ______________________________________________________________ ___ 

Address ____________________________________________________________________ ___ 

City ______________________ _ State ________ _ Zip __________________ _ 

Country __________________________________________________________________ __ 

Phone ______________________________ __ Extension ____________________________ _ 

Customer Contact Person _____________________________________________________ _ 

Customer Part Number _________________________________________________________ _ 

Internal Oscillator Input 
D Crystal 
D Resistor 

Port A Output Drive 
D CMOS and TTL 
D TTL Only 

Low Voltage Inhibit 
D Disable 
D Enable 

Port C Output Drive 
DTTL 
D Open-Drain 

(12 Characters Maximum--If Applicable) 

Clock Frequency ____________________________________ _ 

Temperature Range _______________________________ _ O°C to + 70°C (Standard) 
- 40°C to + 85°C 

Pattern Media 
o MDOS Disk File o PC-DOS Disk File o MS-DOS Disk File 
o 2532/2732 EPROM 
o 2516/2716 EPROM o Other ______________________ ___ 

(Requires prior factory approval.) 

(SIGNATURE) 
Device to be tested to Motorola data sheet specifications. Cus­
tomer part number, If used as part of marking, is for reference 
purposes only. 

(SIGNATURE) Device to be tested to customer specifications. (Customer spec­
ifications required.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 
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MC6805S2 ORDERING FORM 

Date ______________________ ___ Customer PO Number _____________________________ _ 

Customer Company ____________________________________________________________ __ 

Address ____________________________________________________________________ ___ 

City _______________________ _ State ________ ZIP __________________________ _ 

Country ____________________________________________________________________ ___ 

Phone _______________________________ Extension 

Customer Contact Person _______________________________________________________ __ 

Customer Part Number __________________________________________________________ __ 

Standby RAM 
o None 
o 16-byte 

Port A Output Drive 
[J CMOS and TTL 

(12 Characters Maximum-If Applicable) 

Internal Oscillator Input 
o Crystal 
o Resistor 

Low Voltage Inhibit 
o Enabled 
o Disabled 

Fifth A 0 Channel 
o Enabled 

n TTL Only (CMOS disabled) [J Disabled 

Temperature 
n O'C to 70 C 
il . 40 C to 85 C 

Clock Frequency: _______ _ 

Special Electrical ProvIsions. 

Pattern Media 

(SIGNATURE) 

(SIGNATURE) 

(Requires pnor factory approval.) 

[J MOOS Disk File 
o 2532 EPROMs 
[J 2716 EPROMs (2) 

I I PC-DOS Disk File 
[ -) 2732 EPROMs 
iJ 2516 EPROMs (2) 

MS-DOS Disk File 

o Other ______________________________________ _ 

(Customer speclflcatons required.) 

DeVice to be tested to Motorola data sheet specifications. Cus­
tomer part number, If used as part of marking, IS for reference 
purposes only. 

Device to be testen to customer specificatIOns. (Customer spec­
IficatIOns reqUired.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 





w 
a: 
w 
::I: 
t­
::::> 
u 

MC6805S3 ORDERING FORM 

Date ______________________ ___ Customer PO Number ______________________________ _ 

Customer Company ___________________________________________________________ _ 

Address ___________________________________________________________________ ___ 

City _______________________ _ State ____ _ ZIP ______________ _ 

Country _____________________________________________________________________ _ 

Phone ______________________________ ExtensIOn 

Customer Contact Person __________________________________________ _ 

Customer Part Number ____________________________________ _ 

Standby RAM 
D None 
D 16-byte 

Port A Output Drive 
D CMOS and TTL 

(12 Characters Maximum-If Applicable) 

Internal Oscillator Input 
D Crystal 
D Resistor 

Low Voltage Inhibit 
D Enabled 
D Disabled 

Fifth A D Channel 
D Enabled 

D TTL Only (CMOS disabled) D Disabled 

Temperature 
D O°C to 70°C 
D - 40°C to 85°C 

Clock Frequency: _____ _ 

SpeCial Electrical PrOVisions: 

Pattern Media 

(SIGNATURE) 

(SIGNATURE) 

(Requires prior factory approval.) 

D MDOS Disk File 
D 2532 EPROMs 
D 2716 EPROMs (2) 

D PC-DOS Disk File 
D 2732 EPROMs 
D 2516 EPROMs (2) 

MS-DOS Disk File 

D Other ____________________ _ 

(Customer speclflcatons required) 

Device to be tested to Motorola data sheet specifications. Cus­
tomer part number. If used as part of marking. IS for reference 
purposes only. 

Device to be tested to customer specifications. (Customer spec­
Ifications required.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 
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MC6805U2 ORDERING FORM 

Date ________________________ __ Customer PO Nu mber ___________________________ _ 

Customer Company __________________________________________________ _ 

Address _____________________________________________ _ 

City _______________ _ State _______ _ Zip _______________ _ 

Country _________________________________________________________________ _ 

Phone ________________________________ Extension 

Customer Contact Person ________________________________________________________ _ 

Customer Part Number __________________________________________________________ ___ 

(12 Characters Maximum-If Applicable) 

Internal Oscillator Input Low Voltage Inhibit Timer Clock Source Timer Prescaler 
o Crystal o Disable o Internal <\>2 clock o 2° (divide by 1) 
o Resistor o Enable o TIMER Input pin o 2' (diVide by 2) 

o 22 (divide by 4) 
Port A Output Drive Port C Output Drive o 23 (divide by 8) 

o CMOS and TIL o TIL o 24 (divide by 16) 
o TIL Only o Open-Drain o 25 (divide by 32) 

o 26 (divide by 64) 
o 27 (divide by 128) 

Clock Frequency _______________________________ _ 

Temperature Range _______________________________ _ O°C to + 70°C (Standard) 
- 40°C to + 85°C 

Pattern Media 
o MDOS Disk File o PC-DOS Disk File o MS-DOS Disk File 
o 2532/2732 EPROM o MS-DOS Disk File 
o 2516/2716 EPROM 
o Other 

(SIGNATURE) 

(SIGNATURE) 

(Requires prior factory approval.) 

Device to be tested to Motorola data sheet specifications. Cus­
tomer part number, if used as part of marking, IS for reference 
purposes only. 

Device to be tested to customer specifications. (Customer spec­
Ifications required.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 
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MC6805U3 ORDERING FORM 

Date ________________________ __ Customer PO Number ______________________________ _ 

Customer Company ________________________________________________________________ _ 

Address ____________________________________________________________________ ___ 

City _________________________ _ State ________ _ Zip ______________ _ 

Country __________________________________________________________________ __ 

Phone ______________________________ Extension 

Customer Contact Person ______________________________________________________ _ 

Customer Part Number ________________________________________________________ ___ 

Internal Oscillator Input 
D Crystal 
D Resistor 

Port A Output Drive 
D CMOS and TIL 
D TIL Only 

Low Voltage Inhibit 
D Disable 
D Enable 

Port C Output Drive 
D TIL 
D Open-Drain 

(12 Characters Maximum-If Applicable) 

Timer Clock Source 
D Internal <1>2 clock 
D TIMER input Pin 

Timer Prescaler 
o 2° (divide by 1) 
o 21 (divide by 2) 
D 22 (divide by 4) 
D 23 (divide by 8) 
D 24 (divide by 16) 
D 25 (divide by 32) 
D 26 (divide by 64) 
D 27 (divide by 128) 

Clock Frequency ______________________________________ _ 

Temperature Range ____________________________________ _ DOC to + 7DoC (Standard) 
- 4DoC to + 85°C 

Pattern Media 
o MDOS Disk File o PC-DOS Disk File 
o 2532/2732 EPROM o MS-DOS Disk File 
o 2516/2716 EPROM o Other ______________________________ ___ 

(Requires prior factory approval.) 

(SIGNATURE) 
Device to be tested to Motorola data sheet specificatIOns. Cus­
tomer part number, If used as part of mark,ng, IS for reference 
purposes only. 

(SIGNATURE) Device to be tested to customer specifications. (Customer spec­
ifications required.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 





MC68HC05B4 MCU ORDERING FORM 

Date ___________ _ Customer PO Number ______________ _ 

Customer Company _____________________________ _ 

Address ____________________________________ _ 

City _____________ State _____ Zip ______________ _ 

Country ____________________________________ __ 

Phone ____________________ Extension ________________ _ 

Customer Contact Person ______________________________ _ 

Customer Part Number _______________________________ _ 

(12 Characters Maximum-If Applicable) 

MC68HC05B4 MCU ORDERING FORM 

Temperature Range: Watchdog Timer 
o 0° to 70°C (Standard) o Watchdog Timer Automatically Enabled o -40° to 85°C (Extended) o Watchdog Timer Enabled by Software o - 40° to 125° (Automotive o Watchdog Timer Active during WAIT 

o Watchdog Timer Suspended during WAIT 

POR Input Pulse Width o 4064 Cycle Option 
o 16 Cycle Option 

Special Electrical Provisions: 
(Customer specifications required.) 

Pattern Media: 

o MC68HC80586 o MS-DOS Disk File o PC-DOS Disk File 
o MCM68764 EPROM o MCM68766 EPROM o 2764 EPROM o Other _______________________ __ 

(SIGNATURE) 

(SIGNATURE) 

(Requires prior factory approval.) 

Device to be tested to Motorola data sheet specifications. Cus­
tomer part number, If used as part of mark,ng, IS for reference 
purposes only 

Device to be tested to customer specificatIOns (Customer spec­
Ifications reqUired.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 
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MC68HC05B6 MCU ORDERING FORM 

Date ___________ _ Customer PO Number _______________ _ 

Customer Company _________________________________ __ 

Address 

City ____________ __ State ____ _ ZIP _____________ _ 

Country 

Phone ________________ Extension 

Customer Contact Person _____________________________ __ 

Customer Part Number _____________________________ _ 

(12 Characters Maximum-If Applicable) 

MC68HC05B6 MCU ORDERING FORM 

Temperature Range: Watchdog Timer Enable o 0° to 70°C (Standard) o Watchdog Timer Automatically Enabled 
o - 40° to 85°C (Extended) o Watchdog Timer Enabled by Software 
o -40° to 125° (Automotive) o Watchdog Timer During WAIT 

o Watchdog Timer Active dunng WAIT 
o Watchdog Timer Suspended dunng WAIT 

Poweron Reset Delay 
o 16 tcyc 
o 4064 tcyc 

Special Electrical Provisions: 
(Customer specifications required.) 

Pattern Media: 

o MC68HC80586 o MS-DOS Disk File o PC-DOS Disk File 
o MCM68764 EPROM o MCM68766 EPROM o 2764 EPROM o Other _______________________ _ 

(SIGNATURE) 

(SIGNATURE) 

(Requires prior factory approval.) 

Device to be tested to Motorola data sheet specifications. Cus­
tomer part number, If used as part of marking, IS for reference 
purposes only 

Device to be tested to customer specifications (Customer spec­
Ifications required.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 
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MC68HC05C2 MCU ORDERING FORM 

Date _____________________ ___ Customer PO Number ______________________________ _ 

Customer Company _____________________________________________ _ 

Address 

City _____________ _ State ____ _ ZIP ________________ _ 

Country 

Phone ___________________ ExtensIOn 

Customer Contact Person 

Customer Part Number _____________________________ _ 

(12 Characters Maximum-If Applicable) 

MC68HC05C2 MCU ORDERING FORM 

Internal Oscillator Input: 
o Crystal/Resonator 
o Resistor 

Temperature Range: 
o 0° to 70°C o -40° to 85°C 
o -40° to 105°C 
o -40° to 125°C 

Interrupt Trigger 
o Edge-Sensitive 
o Edge/Level Sensitive 

Special Electrical Provisions: _____ ---:-________ -:-::-~------:----:-:---
(Customer specifications required.) 

Pattern Media: 

o MC68HC805C4 0 MS-DOS Disk File o PC-DOS Disk File 
o MCM68764 EPROM 0 MCM68766 EPROM o 2764 EPROM o Other _____ _ 

(SIGNATURE) 

(SIGNATURE) 

(Requires prior factory approval.) 

Device to be tested to Motorola data sheet specifications. Cus­
tomer part number, If used as part of mark,ng, IS for reference 
purposes only 

Device to be tested to customer specifications (Customer spec­
Ifications required) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 





MC68HC05C3 MCU ORDERING FORM 

Date ______________________ __ Customer PO Number _________________ _ 

Customer Company ______________________________ __ 

Address _____________________________________________________ ___ 

City _______________________ _ State ______ _ lip _________________________ _ 

Country __________________________________________________ _ 

Phone _______________________ Extension ___________________________ _ 

Customer Contact Person _______________________________________________ __ 

Customer Part Number _________________________________________ __ 

(12 Characters Maximum-If Appllcablel 

MC68HC05C3 MCU ORDERING FORM 

Internal Oscillator Input: 
o Crystal/Resonator o Resistor 

Temperature Range: 
o 0° to 70°C 
o - 40° to 85°C 
o -40° to 105°C 
o -40° to 125°C 

Pattern Media: 

o MC68HC05C3 
o MCM68764 EPROM 
o Other 

(SIGNATUREl 

(SIGNATURE) 

Interrupt Trigger 
o Edge-Sensitive 
o Edge/Level Sensitive 

(Customer specifications required.) 

o MS-DOS Disk File o PC-DOS Disk File o MCM68766 EPROM o 2764 EPROM 

(Requires prior factory approval.) 

Device to be tested to Motorola data sheet specifications Cus­
tomer part number, If used as part of marking. IS for reference 
purposes only 

Device to be tested to customer specifications. (Customer spec­
Ifications required l 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 
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MC68HC805C4 MCU ORDERING FORM 

Date ___________ _ Customer PO Number _______________ _ 

Customer Company _______________________________ ___ 

Address ____________________________________ _ 

City ______________ State _____ ZIP _____________ ___ 

Country ____________________________________________ _ 

Phone _______________________ ExtensIOn 

Customer Contact Person _________________________________ ___ 

Customer Part Number ______________________________________________ _ 

(12 Characters Maximum-If Appllcablel 

MC68HC805C4 MCU ORDERING FORM 

Internal Oscillator Input: 
o Crystal/Resonator 
o Resistor 

Temperature Range: 
o 0° to 70°C (Standard) 
o - 40° to + 85°C (Extended) 

Special Electrical Provisions: 

(SIGNATURE) 

(SIGNATURE) 

(Customer specifications required.) 

Device to be tested to Motorola data sheet specificatIOns. Cus­
tomer part number, If used as part of mark,ng, IS for reference 
purposes only 

Device to be tested to customer specifications. (Customer spec­
IficatIOns required.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 

/ 
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MC68HCL05C8 MCU ORDERING FORM 

Date ___________ _ Customer PO Number _______________ _ 

Customer Company __________________________________ __ 

Address __________________________________________ __ 

City _____________ _ State ____ _ ZIP ______________ __ 

Country _______________________________________________ _ 

Phone ____________________ Extension 

Customer Contact Person ___________________________________ __ 

Customer Part Number ___________________________________ _ 

(12 Characters Maximum-If Applicable) 

MC68HCL05C8 MCU ORDERING FORM 

Internal Oscillator Input: 
o Crystal/Resonator 
o Resistor 

Temperature Range: 
o 0° to 70°C 
o 25°C (Only) 

Interrupt Trigger o Edge-Sensitive 
o Edge/Level Sensitive 

Special Electrical Provisions: ____ --:-::--____ -:-::----: ___ -:---:-: __ 
(Customer specifications required.) 

Pattern Media: 

o MC68HCL05C8 o MS-DOS Disk File o PC-DOS Disk File 
o MCM68764 EPROM o MCM68766 EPROM o 2764 EPROM o Other _________________________________________ _ 

(SIGNATURE) 

(SIGNATURE) 

(Requires prior factory approval.) 

Device to be tested to Motorola data sheet specifications. Cus­
tomer part number. If used as part of mark,ng. IS for reference 
purposes only 

Device to be tested to customer specifications. (Customer spec­
Ifications required.) 

ONL V ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 





MC68HC05L6 MCU ORDERING FORM 

Date ___________ _ Customer PO Number _______________ _ 

Customer Company _______________________________ ___ 

Address ____________________________________________________________ _ 

City ________________________ _ State _____ _ Zip _____________ _ 

Country ________________________________________________________________ __ 

Phone ________________________________ Extension _____________________________ _ 

Customer Contact Person ________________________________________________________ _ 

Customer Part Number _________________________________________________________ __ 

(12 Characters Maximum-If Applicable) 

M68HC05L6 MCU ORDERING FORM 

Internal Oscillator Input: 
D Crystal/Resonator 
D Resistor 

Temperature Range: 
D 0° to 700 e 

Interrupt Trigger 
o Edge-Sensitive 
D Edge/Level Sensitive 

Tone Generator 
D A Crystal Frequency (1024.4) 
D B Crystal Frequency (512.4) 
D C Crystal Frequency (256.4) 
D 0 Crystal Frequency (64.4) 

Special Electrical Provisions: ___________________________________ _ 

Pattern Media: 

D MS-DOS Disk File 
D MCM68766 EPROM 

(Customer specifications required.) 

D PC-DOS Disk File 

D Other ________________________________ _ 

(SIGNATURE) 

(SIGNATURE) 

(Requires prior factory approval.) 

Device to be tested to Motorola data sheet specificatIOns. Cus­
tomer part number, If used as part of marking, IS for reference 
purposes only. 

Device to be tested to customer specifications. (Customer spec­
Ifications required.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 





MC68HC05P1 MCU ORDERING FORM 

Date ___________ _ Customer PO Number _______________ _ 

Customer Company ______________________________ _ 

Address _______________________________________ _ 

City ____________ _ State _____ ZIP _____________ _ 

Country _______________________________________ _ 

Phone _________________ Extension __________________ _ 

Customer Contact Person _______________________________ _ 

Customer Part Number ____________________________________ __ 

(12 Characters Maximum-If Applicable) 

MC68HC05P1 MCU ORDERING FORM 

Internal Oscillator Input: Interrupt Trigger 
o Crystal/Resonator o Edge-Sensitive 
o Resistor o Edge/Level Sensitive 

Temperature Range: 
o 0° to 70°C (Standard) 

Special Electrical Provisions: 
(Customer specifications required.) 

Pattern Media: 

o MC68HC805C4 o MS-DOS Disk File o PC-DOS Disk File 
o MCM68764 EPROM o MCM68766 EPROM o 2764 EPROM o Other ____________________________________ _ 

(SIGNATURE) 

(SIGNATURE) 

(Requires prior factory approval.) 

Device to be tested to Motorola data sheet speCifications. Cus­
tomer part number, If used as part of marking, IS for reference 
purposes only. 

DeVice to be tested to customer speCifications. (Customer spec­
ifications required) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 
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MC68HC05C4 MCU ORDERING FORM 

Date ______________________ __ Customer PO Number ___________________ _ 

Customer Company ____________________________________ ___ 

Address ______________________________________________________________ _ 

City ____________________ _ State ______ ZIP _________________ _ 

Country ________________________________________________________ _ 

Phone _____________________________ Extension 

Customer Contact Person _______________________________________________ ___ 

Customer Part Number ________________________________________________________ __ 

(12 Characters Maximum-If Applicable) 

MC68HC05C4 MCU ORDERING FORM 

Internal Oscillator Input: Interrupt Trigger 
D Crystal/Resonator 
D Resistor 

Temperature Range: 

D Edge-Sensitive 
D Edge/Level Sensitive 

D 0° to 70°C (Standard) 
D - 40° to 85°C (Extended) 
D - 40° to 125° (Automotive 

Special Electrical Provisions: 

Pattern Media: 

D MC68HC05C4 
D MCM68764 EPROM 

(Customer specifications required.) 

D MS-DOS Disk File 
D MCM68766 EPROM 

D PC-DOS Disk File 
D 2764 EPROM D Other _____________________________________________ __ 

(SIGNATURE) 

(SIGNATURE) 

(Requires prior factory approvaL) 

Device to be tested to Motorola data sheet specifications. Cus­
tomer part number, If used as part of mark,ng, IS for reference 
purposes only. 

Device to be tested to customer specifications. (Customer spec­
Ifications required.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 





MC68HC05C8 MCU ORDERING FORM 

Date ___________ _ Customer PO Number _______________ _ 

Customer Company ____________________________________________________ __ 

Address ________________________________________________________________ _ 

City _______________________ __ State ____ _ ZIP _____________________ __ 

Country __________________________________________________________________ _ 

Phone _______________________________ Extension 

Customer Contact Person _____________________________________________________ __ 

Customer Part Number _____________________________________________________ _ 

(12 Characters Maximum-If Applicable) 

MC68HC05C8 MCU ORDERING FORM 

Internal Oscillator Input: 
o Crystal/Resonator 
o Resistor 

Temperature Range: 
o 0° to 70°C o - 40° to 85°C 
o -40° to 105°C 
o -40° to 125°C 

Special Electrical Provisions: 

Pattern Media: 

o MC68HC05C8 
o MCM68764 EPROM 
o Other 

(SIGNATURE) 

(SIGNATURE) 

Interrupt Trigger 
o Edge-Sensitive 
o Edge/Level Sensitive 

(Customer specifications required.) 

o MS-DOS Disk File o PC-DOS Disk File 
o MCM68766 EPROM o 2764 EPROM 

(Requires prior factory approval.) 

Device to be tested to Motorola data sheet specifications Cus­
tomer part number, If used as part of marking, IS for reference 
purposes only 

Device to be tested to customer specifications. (Customer spec­
IficatIOns required.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 





MC68HSC05C4 MCU ORDERING FORM 

Date ______________________ __ Customer PO Number ______________________ _ 

Customer Company ________________________________________________ _ 

Address 

City ___________________ _ State ________ ZIP ____________________ _ 

Country 

Phone _____________________ Extension 

Customer Contact Person _____________________________________ _ 

Customer Part Number ________________________________________________ ___ 

(12 Characters Maximum-If Applicable) 

MC68HSC05C4 MCU ORDERING FORM 

Internal Oscillator Input: Interrupt Trigger 
D Crystal/Resonator 
D Resistor 

Temperature Range: 
D 0° to 70°C (Standard) 

Special Electrical Provisions: 

Pattern Media: 

D MCM68764 EPROM 
D MS-DOS Disk File 

D Edge-Sensitive 
D Edge/Level Sensitive 

(Customer specifications required.) 

D MCM68766 EPROM 
D PC-DOS Disk File 

D 2764 EPROM 

D Other _____________________ _ 

(SIGNATURE) 

(SIGNATURE) 

(Requires prior factory approval.) 

Device to be tested to Motorola data sheet specifications Cus­
tomer part number, If used as part of mark,ng, IS for reference 
purposes only. 

Device to be tested to customer specifications. (Customer spec­
Ifications required.) 

ONL V ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 





MC68HSC05C8 MCU ORDERING FORM 

Date _____________________ ___ Customer PO Number _____________________ _ 

Customer Com pany ________________________________________________________ _ 

Address ___________________________________________________________________ __ 

City _______________________ _ State _____ Zip _____________________ _ 

Country ______________________________________________________________________ _ 

Phone ___________________________ Extension ________________________ _ 

Customer Contact Person _____________________________________________ _ 

Customer Part Number __________________________________________ _ 

(12 Characters Maximum-If Applicable) 

MC68HSC05C8 MCU ORDERING FORM 

Internal Oscillator Input: Interrupt Trigger 
o Crystal/Resonator o Edge-Sensitive 
o Resistor o Edge/Level Sensitive 

Temperature Range: 
o 0° to 70°C (Standard) 

Special Electrical Provisions: 
(Customer specifications required.) 

Pattern Media: 

o MCM68764 EPROM o MCM68766 EPROM o 2764 EPROM 
o MS-DOS Disk File o PC-DOS Disk File o Other ________________________________ __ 

(SIGNATURE) 

(SIGNATURE) 

(Requires prior factory approval.) 

Device to be tested to Motorola data sheet specifications. Cus­
tomer part number, If used as part of mark,ng, IS for reference 
purposes only. 

Device to be tested to customer specifications. (Customer spec­
IficatIOns required.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 





MC68HC705C8 MCU ORDERING FORM 

Date _____________________ _ Customer PO Number _______________ _ 

Customer Company ______________________________ _ 

Address ______________________________________ _ 

City ____________ _ State _____ ZIP _____________ _ 

Country _________________________________________________ _ 

Phone ______________________ Extension ______________________ _ 

Customer Contact Person _______________________________________________ _ 

Customer Part Number __________________________________________ __ 

Internal Oscillator Input: 
D Crystal/Resonator 
D Resistor 

Temperature Range: 
D 0° to 70°C (Standard) 
D - 40° to 85°C 

Special Electrical Provisions: 

(SIGNATURE) 

(SIGNATURE) 

('2 Characters Maximum-If Applicable) 

(Customer specifications required.) 

Device to be tested to Motorola data sheet specifications. Cus­
tomer part number, If used as part of marking, IS for reference 
purposes only. 

Device to be tested to customer speCifications. (Customer spec­
Ifications required.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 
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MC68HCL05C4 MCU ORDERING FORM 

Date ___________ _ Customer PO Number _______________ _ 

Customer Company ______________________________ ___ 

Address ___________________________________ _ 

City ____________ _ State ____ _ Zip _____________ _ 

Country _______________________________________ _ 

Phone ________________ Extension 

Customer Contact Person _____________________________ _ 

Customer Part Number ______________________________ __ 

Internal Oscillator Input: 
D Crystal/Resonator 
D Resistor 

Temperature Range: 
D 0° to 70°C 
D 25°C Only 

Special Electrical ProviSions: 

Pattern Media: 

(12 Characters Maximum-If Applicable) 

Interrupt Trigger: 
D Edge-Sensitive 
D Edge/Level Sensitive 

(Customer specifications required.) 

D MCM68764 EPROM 
D MC68HC805C4 

D MS-DOS Disk File 
D MCM68766 EPROM 

D PC-DOS Disk File 
D 2764 EPROM D Other ______________________________________ _ 

(SIGNATURE) 

(SIGNATURE) 

(Requires prior factory approval.) 

Device to be tested to Motorola data sheet specifications. Cus­
tomer part number, If used as part of mark,ng, IS for reference 
purposes only. 

Device to be tested to customer specifications. (Customer spec­
ifications required.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 
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MC146805F2 ORDERING FORM 

Date ______________________ __ Customer PO Number ____________________ _ 

Customer Company ________________________________ ___ 

Address _____________________________________________ _ 

City _________________ State _______ Zip _______________ _ 

Country ______________________________________________ __ 

Phone ____________________ Extension 

Customer Contact Person ________________________________ _ 

Customer Part Number _________________________________ ___ 

Internal OSCillator Input: 
o Crystal 
o Resistor 

(Not available 
on 854F mask) 

(12 Characters Maximum-If Applicable) 

Clock Predlvlde Ratio: 
o -4 
D -2 

Interrupt Trigger: 
o Edge-Sensitive 
o Level- and Edge-Sensitive 

Temperature Range ______ _ 

Pattern Media: 
o MOOS Disk File 
o 1468705F2 EPROM 
o 2516 or 2716 EPROM 
o PC-DOS Disk File 
o MS-DOS Disk File o Other _______________________________________________ ___ 

(SIGNATURE) 

(SIGNATURE) 

(Requires prior factory approval) 

Device to be tested to Motorola data sheet specifications. Cus­
tomer part number, if used as part of marking, is for reference 
purposes only. 

Device to be tested to customer specifications. (Customer spec­
ifications required.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 
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MC146805G2 ORDERING FORM 

Date _____________ _ Customer PO Number _______________ _ 

Customer Company ______________________________ _ 

Address ____________________________________ _ 

City _____________ State ____ _ Zip _______________ _ 

Count~--------------------------------------------------

Phone ________________________ Extension _____________________ _ 

Customer Contact Person ______________________________________ _ 

Customer Part Number _________________________________________ _ 

(12 Characters Maximum-If Applicable) 

Internal Oscillator Input 
o Crystal 

Internal Divide Interrupt Trigger 
o -;-4 o Edge-Sensitive Only 
o -2 o Level-Sensitive and Edge-Sensitive 

TEMPERATURE __________________ __ FREQUENCY _____________________ _ 

Pattern Media 
o MDOS Disk File o PC-DOS Disk File o MS-DOS Disk File 
o 2532 EPROM o 2732 EPROM o 1468705G2 EPROM 
o 2716/2516(2) EPROM o Other __________________________ ___ 

(SIGNATURE) 

(SIGNATURE) 

(Requires prior factory approval.) 

Device to be tested to Motorola data sheet specifications. Cus­
tomer part number, if used as part of marking, is for reference 
purposes only. 

Device to be tested to customer specifications. (Customer spec­
ifications required.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 





MC68HC11A8 ORDERING FORM 

Date ____________ ___ Customer PO Number ________________ _ 

Customer Company ____________________________________ _ 

Address _____________________________________ ___ 

City _____________ _ State _____ ZIP ______________ _ 

Country ______________________________________ _ 

Phone ___________________ Extension 

Customer Contact Person ______________________________ _ 

Customer Part Number __________________________________ _ 

Temperature Range 
D -40 to +85°C 
D -40 to + 105°C 
D -40 to + 125°C 

Package Type 
D 48-Pin Dual-In-Line Plastic 
D 52-Lead PLCC 

(12 Characters Maximum-If Applicable) 

On-Chip Functions Used 
(Check Functions - Factory Use Only) 

D ROM 
D EEPROM 
D AID 
D COP 
D SPI 
D SCI 
D Timer 

Operating (E Clock) Frequency: ___________________________ _ 

Security Feature Enabled: 
CONFIGuration Register Contents: 

Device Marking: 

D Motorola Standard 
Motorola Logo 
Motorola Part Number 
Mask and Datecode 

Yes ___ No _____ _ 
Hex ($) ________ ___ 

D Standard with Customer Part Number 
Motorola Logo 
Motorola Part Number 
Customer Part Number 
Mask and Datecode 

D Other _________ _ 

(SIGNATURE) 

(SIGNATURE) 

Device to be tested to Motorola data sheet specifications. Cus­
tomer part number, If used as part of marking, IS for reference 
purposes only. 

Device to be tested to customer specifications (Customer spec­
IficatIOns required) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 





MC68HC11 E9 ORDERING FORM 

Date ______________________ ___ Customer PO Nu mber _____________________________ _ 

Customer Company ____________________________________________________________ __ 

Address 

City ___________________ _ State _____ ZIP _________________________ _ 

Country 

Phone ____________________________ Extension 

Customer Contact Person ____________________________________________ _ 

Customer Part Number ____________________________________________ __ 

Temperature Range 
D -40 to +85°C 
D -40 to + 105°C (See Note) 
D -40 to + 125°C (See Note) 

Package Type 
D 52-Lead PLCC 

Operating (E Clock) Frequency: 
Security Feature Enabled: 
CONFIGuration Register Contents: 

(12 Characters Maximum-If Applicable) 

On-Chip Functions Used 
(Check Functions - Factory Use Only) 

D ROM 
D EEPROM 
D AID 
D COP 
D SPI 
D SCI 
D Timer 

Yes ____ No ______ _ 
Hex ($) ______ _ 

(The CONFIG register will be programmed if desired; however, the NOSEC bit cannot be 
cleared on parts with security enabled.) 

Device Marking: 

D Motorola Standard 
Motorola Logo 
Motorola Part Number 
Mask and Datecode 

D Standard with Customer Part Number 
Motorola Logo 
Motorola Part Number 
Customer Part Number 
Mask and Datecode 

D Other ______________ _ 

(SIGNATURE) 

(SIGNATURE) 

Note: These high temperature ranges require EEPROM 
consideration. Please refer to EEPROM CHARAC­
TERISTICS before submitting ROM code. 

Device to be tested to Motorola data sheet speCifications. Cus­
tomer part number, If used as part of mark,ng. IS for reference 
purposes only 

Device to be tested to customer specificatIOns (Customer spec­
IficatIOns required.) 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 





MC68HC811 E2 ORDERING FORM 

Date ______________________ ___ Customer PO Nu mber _____________________________ _ 

Customer Company ____________________________________________________________ __ 

Address ___________________________________________________________________ ___ 

City _____________________ _ State _____ ZIP _________________________ _ 

Country 

Phone ___________________________ Extension 

Customer Contact Person _____________________________________________ _ 

Customer Part Number ______________________________________________ _ 

Temperature Range 
D -40 to +85°C 
D - 40 to + 105°C (See Note) 
D -40 to +125°C (See Note) 

Package Type 
D 52-Lead PLCC 

Operating (E Clock) Frequency: 
Security Feature Enabled: 
CONFIGuration Register Contents: 

(12 Characters Maximum-If Applicable! 

On-Chip Functions Used 
(Check Functions - Factory Use Only) 

D EEPROM 
D AID 
D COP 
D SPI 
D SCI 
D Timer 

Yes ____ No ____ _ 
Hex ($) ______ _ 

(The CONFIG register will be programmed if desired; however, the NOSEC bit cannot be 
cleared on parts with security enabled.) 

Device Marking: 

D Motorola Standard 
Motorola Logo 
Motorola Part Number 
Mask and Datecode 

D Standard with Customer Part Number 
Motorola Logo 
Motorola Part Number 
Customer Part Number 
Mask and Datecode 

D Other _________ _ 

(SIGNATURE! 

(SIGNATURE! 

Note: These high temperature ranges require EEPROM 
consideration. Please refer to EEPROM CHARAC­
TERISTICS before submitting ROM code. 

Device to be tested to Motorola data sheet specifications. Cus­
tomer part number, If used as part of marking, IS for reference 
purposes only 

Device to be tested to customer specifications (Customer spec­
IficatIOns reqUired.! 

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 
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