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'lhe Extended Branch Serial Driver (EBSD) has been 
developed to provide a serial extension of the present 
CAMAC Multi-crate Branch Highway System. '!his serial 
driver provides an interface to the NIM proposed CM.W:: 
Mu1ti-crate Serial Highway System using an existing 
Branch Highway and Driver configuration. The EBSD can 

·be operated in either a bit serial or a byte serial 
m:>de. 

Introduction 

\\bile the ~ Branch Highway System has been 
used quite extensively in the experimantal areas at 
FERM!IAB, the evaluation of the new CWJ\C Serial High
way renders new application possibilities .in the area 
of experimmtal data acquisition and rronitoring. The 
proposed CJIM1l.C Serial System Description (Tir>-26488/ 
A&E*2.) specifies the standards to be folla.;ed .in the 
inplerrentation of a Serial Highway and a Type Ll 
serial Crate C.Ontroller. The c:cmputer .interface hcM
eve.r still re..1lains the responsibility of the individ
ual involved in configuring the Serial System to his 
particular application. Since BISON ccmputer system.sl 
presently being used at FERMIIAB in the ~inental 
areas ercploy "standard" canputer interfaces and soft
ware packages, it is the intention of FER4IIAB to use 
this existing hardware and software to irnplenent new 
Serial System applications. 

Instead of designing and developing a new special 
purpose serial oonputer driver, a cm'1Ac rrodule has 
been developed which extends the existing C;'.\MAC Branch 
High<...ay System into a Serial Highway configuration. 
This Extended Branch Serial Driver (EBSD) can be placed 
in any crate of an existing CAMt.c Branch Higtway System. 
The mo provides its user the flexibil~ty of perfo:rm
ing single operations on the Serial Higi:iway or else 
may be ''microprpgramood" to perfonn nur.orous aut:cmonous 
serial operations. A typical crate arrangerrent is il
lustrated .in Figure 1. 

¥ration Description 

Serial nessages are .initiated by the EBSD in re
sponse to CAMAC dataway operations invo)..ving comnand 
and data registers. The nodule is set to a predefined 
state upon pc:Mer up conditions. WhenevP..r the EBSD is 
not currently .involved in generating serial operations, 
WAIT bytes are transmitted by the EBSD to "sync" the 
Serial Highway System and determine if any demands a.re 
pending. 

Transverse and longitl.rlinal parity are checked on 
all incani.ng rressages and if enabled, a LAM will be 

.• generated for either of these parity error o:mditions. 

'llle EBSD has been designed to function in four 
different operational m:xles (being A, B, C, & D). 
M:lde A is basically a programrud data transfer/o:mnand 

node. M::>de B is defined as a block transfer tred~ for a 
serial system having the satre trodule distribution in a 
multi-crate configuration. M::lde C is a block transfer 
node where the serial highway comnands are loaded into 
the FIFO naro.cy of the EBSD. The reply rressages, along 
with demand nessages, fra:n the serial highw.:i.y arc also 
loaded into the FIFO narory. In node D, the operation 
is the sana with the exception that demand rressages are 
not loaded .into the FIFO rrenory. A detailed description 
of these various operational I!Ddes foll.Otl; 
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Seven registers are used to provide control and cormru
nication between the Serial Highway and the Cl1Ml'.C data
way. These registers are the Commnd, Write Data, Sta
tus U, Dem:md, IAM, and I.AM Mask. The bit identifi
cation and the CAMAC function codes for these registers 
are shown in Figure 2 and Table 1 respectively. 

A serial imssage transmission is initiated by: 

1. Writ.ing the Ccmnand Register with a serial 
read or ccmnand function, or 

2. WI"iting the Write Data Register while the 
.Camand Register oonta.i.ns a serial write 
function. 

It should be noted that load.ing the came.nd Regis
ter with a serial write camand does not .initiate a 
serial transmission. 

After a serial nessage transmission has been initi
ated, the EBSD will trqnsmit a fixed m:arber of SPICE 
bytes to the Serial Highway to enable the address8d 
crate and nodule to return the required reply nessage. 
The receipt"of a reply iressage by the EBSD will be 
acknowledged by either the generation of a LAM, if the 
ROY bit of the IAM register has not been masked, or 
else by reading the status of the IM register (see 
Table 2). 

Serial read data is retrieved by performing a 
F (JJ) •A (iJ} operation on the EBSD after a reply message 
has been received. The serial X and Q signals are 
translated to the dataway X and Q lines while perfonn
ing this read operation. The serial X and Q signals 
for· non-read operations are retrieved by performing a 
F (l) ·A (JJ) operation on Status #1 Register of the EB.SD. 
Progranned utilization of the Serial Highw.:i.y usually 
involves the transmission of a serial nessaqe and a 
wait for the receipt of a reply ioossage befC:.re the 
transmission of a new serial massage is initiated. llny 
attempts to write the Data or the Cormand P.eqisters 
while the transmitter is busy will not be ailcMed and 
a Q=JJ response will be returned by the EBSD. If a time 
of one milliseoond elapses between the start of a ser
ial JtEssage transmission and .the receipt of a reply 
message, the TIMEOUT signal is asserted which set-<> the 
'DD bit of the !AM register. Any reply rressage receiv
ed after TIMEXXJT has been assert£.od will be ignored. 



A Q-Scan mode for read operations can be 
performed if the MR bit of the Command Regis
ter is set to "l". If the MQ bit of this same 
register has been cleared (equal to"~"), an 
F(~)'A(~) command to the EBSD will cause an
other serial message to be transmitted using 
the same serial Command Register values that 
were used for the previous serial message. If 
MQ=l, the new serial message will have the 
value of SA, and possibly the.value of SN, will 
be changed depending on the status of the SQ 

·signal from the previous serial operation. If 
SQ=l for the previous operation, the value of 
SA will be incremented. Had SQ=g for the last 
serial operation, then SA will be reset and 
the value of SN will be incremented for the 
new serial message being generated. If the 
internal N-counter advances beyond N=32 in ·this 
mode, the crate address is cleared and any sub
sequent serial transmission with CRATE=~ will 
cause the ADNR bit of the LAM Register to be 
set upon receipt of the reply message. 

In addition to the seven register used by 
the EBSD to control and communicate with the 
Serial Highway, there are four condition flags 
which can be tested by the computer for Q re
sponse to determine the operational status of 
the Serial Highway System. The identification 
of these four bits, along with their CAMAC 
test codes are shown in Table 3. 

If an unrecognized command message is re
ceived (Ml+ M2 = g), the unrecognized crate 
address is stored in the lower 6 bits of Status 
Register #1 and the upper 6 bits are cleared. 

Mode B · 

The command, Write Data and the Read o~~~ 
Registers are not used in this mode and the 
serial operation is now controlled by the use 
of Parameter #1 and #2 Registers. In this mode 
of operation either write or read data is 
stored in the FIFO memory. In addition to 
these two Parameter Registers, a second Status 
Register (Status #2) and an ERROR Register are 
available to the user to indicate the opera
tional.status of the Serial Highway while the 
EBSD is functioning in this mode. These add
itional registers have been shown in Figure 3. 

The initial value of the serial crate ad
dress, the station number and the station sub
address, along with the serial function code 
to be performed, are loaded into Pa~ameter #2 
Register. A serial message, as determined by 
the function code loaded in Parameter #2, will 
be re-transmitted after a reply has been re
ceived for bhe previous message. The EBSD will 
sequentially increment the values of the sta
tion sub-address, the station number and tlie 
serial crate address dependent upon the incre
menting information which is loaded into Para
meter Register #2. In addition to the incre
menting information, a bit (QM) is used to con
trol the format by which the EBSD will change 
the values of SA, SN, and SC. If QM=l, then 
the value of SA (sub-address) will be continu
ously incremented for each new serial message 
while the last reply message contained SQ=l. 
Whenever SQ=g, the SA is set to the initial 
starting value (Parameter #2) and the value of 
SN is incremented. The value of SN will con
tinue to be incremented until the programmed 
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number of increments have occurred. 

If QM=~, the incrementing operation of SA, 
SN, and SC.is the same as de~cribed above with 
the exception that SA will be continuously 
incremented for the programmed number of times 
as determined by the values of Parameter Re
gister U. 

The serial operation is initiated by ei
ther performing an F(25).A(~) command to the 
EBSD or else setting the EX bit of Parameter 
Register #2. 

If the serial function is a write, a suf
ficient. number of data words must have.been 
previously loaded into the FIFO memory by an 
F(l6) ·A(7) command. Had the seria.1 function 
been a read oper~tion, the data information 
of the reply messages will be stored in the 
FIFO -and can be read out by the computer us
ing either an F(~).A(7) or an F(2) command. 
Reply status information is not loaded into 
the FIFO memory in this mode of operation. 

If the FIFO becomes.empty on a serial 
read operation prior to all of the programmed 
transfers being made, further generation of 
additional serial message will be terminated 
by the EBSD. A LAM will be generated, if not 
masked, indication that the FIFO has been 
emptied on serial writes and has been filled 
during serial reads. 

After the block operation has been com
pleted, the user can read Status Register . 
.#2 to get summary information concerning the 
last block transfer. This register contains 
fields which indicate the first crate address, 
the number of serial transfer that have taken 
place ana·a sununary bit that indicates if any 
errors have been detected during the block 
operation. 

Mode C 

In this mode, neither the Command nor the 
Parameters Registers are used to specify the 
type of serial message to be generated. The 
ser~al commands are stored in the FIFO memory 
in the order of their intended execution. If 
write commands are included, the write data 
must immediately follow each write command, 
As serial commands are executed, the replies 
to these commands are loaded into the FIFO. 
If the reply message contains read data, this 
data is loaded in the next word location im
mediately following the reply information. 

Along with the reply message and read data 
information, any demand messages which are 
received by the EBSD can also be loaded into 
the FIFO. 

This demand storage option in the FIFO is 
enabled b.Y an F(26) "A(~) command and is dis
abled by an F(24)'A(~) command. 

The conunand, reply and demand message 
word format for the FIFO memory are shown in 
Figure 4. 

A maximum of 255 words can be used for 
each block transfer. One word is reserved 
for a delimiter word which is inserted by 



hardware upon the receipt of an initiate Mode 
C operation. This delimiter word will be used 
by the EBSD to indicate when the last serial 
message nas been generated. Mode C operation 
is initiated by performing an F(25).A(l) com
mand on the EBSD. 

Mode D 

This'mode of operation is identical to 
Mode C, except that demand messages are not 
stacked into the FIFO memory during the normal 
block operation. This allows data from as 
many as 255 input sources to be stored in the 
FIFO. Demand messages may be stored in the 
FIFO after the completion of a block transfer, 
if demand storage in the FIFO has been en
abled and the FIFO is not full. 

Mode D serial operation is initiated by 
performing an F(25)'A(2) command on the EBSD. 

Module Description 

The EBSD is configured as a six wide 
CAMAC module. Three of the CAMAC cards are 
used to provide the interface and control 
logic for the Serial Highway, two of the cards 
provide the CAMAC interfacing and control 
logic and the sixth card is a 25.6 word.x 24 
bit FIFO memory. The interface with the Ser
ial Highway is made via two 25 contact front 
panel connectors. An auxiliary 19 contact 
front panel connector is provided to enable 
the user to monitor special internal logic 
functions and timing signals. The operational 
status, error conditions, and demands on the 
serial highway are indicated by front panel 
LED 1 s. 

The output clock of the serial highway 
can be controlled by either an internal cry
stal or variable frequency oscillator or else 
by an external source. 

A rear panel switch enables the selections 
of bit serial or byte serial mode of operation. 

Conclusion 

A prototype of the EBSD 2 and a Serial 
Crate Controller Type Ll 3 have been tested at 
FERMILAB. These units were operated in both 
the bit serial and byte.serial modes at clock 
frequencies up to SM.Hz· E~tensive studies 
into error rates as a function of operating 
frequencies and cable length are now in pro
gress. Production units are currently being 
manufactured and are scheduled for delivery 
prior to the end of this year. 
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Figure l 

CA~C Crate Configuration 
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figure 2 

General Purpose Registers 

24 22 16 14 10 9 Ii 5 

INOT USEDI CRATE IMQ,MRI N A F 

COMMAND 

24 
.; 

BYTE 3 BYTE 2 BYTE l 

WRITE DATA 

24 

I 
.I I• 

BYTE 3 BYTE 2 BYTE 1 

READ DATA 

16 12 77 6 

INO~ U~ED ' IM2 IM1IDERRlso(sxl~RR SC 

STATUS u 

16 12 11 7 6 

I NOT USED IH2 I SGL SC 

DEMAND 

16 13 8 

NOT USED FIFO SERR DMD XMR ROY TPE TMO LPE ADNR DERR ERR SX 

LAM 

16 13 

(NOT USED f 
LAM MASK 
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1 

I F(l6) •A(O) 
F (16) •A(2) Low 16 

bits 

1 

I F(l6)•A(l) Write 

1 

I F ( 0) •A ( 0) Read 

1 

I F (1) •A(O) Read 

1 

I F(l) ·A(B) Read 

1 

SQ F(l) •A(l2) Read 
F(ll)'A(12) Clear 
F(23"A(l2) Selective 

clear 

l 

I F(ll) •A(l3) Clear 
F(l7) •A(l3) Write 
F(l9} •A(ll) Selectiv 

set 
F(23) •A(l3) Selectiv 

clear 



Figure 3 

Special Block Operation Registers 
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24 21 20 16 15 12 11 76_.,,,.,,.. ___ 1 _ 

_ I _N_OT_u_sE_o_l_Ex_,l _____ sF_=[-~,-~-i _ __._l _s_Ni _ _..j_· _sc_1_ .... I Parameter t 2 

SAtotal = SAi + SAA 

SNtotal = SNi + SNA 

sctotal = sci + scA 

SAtotal = SAi + A(SQ=l) 

SNtotal = SNi + SNA 

sctotal =·sci+ scA 

lfi 15 I ER I No. of Transfers 

u 
ERllJj. No. of Errors 

ER • ERR + TPE + LPE + 
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11 ~ sci ll Status 12 

7 6 l] r_:~i Error 

ADNR + '!'MO 



Figure 4 

FIFO Memory Word Format 

1

24, 122 
COMMAND USED 

~~SD 

17 14 10 q 6 5 

SC 1~~. I 
SN SA SF 

17 16 15 11 10 

REPLY eply Sequence No.* R M2 ~ LPE Status SC 

16 11 7 f; 

SGL SC 

*Valid only for Reply messages, where M2 = g, Ml 

R M2 

0 0 Non-read ·reply 

0 1 Demand 

-1 0 Read-reply, data follow 
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l 

l 

1 

1. 

F(l6) •A(7) 

F(O) ·A(7) 
or F(2) 

F(jf) •A(7) 
or F(2) 

Write 

Read 

Read 



FUNC'l'ION CODE Q 

F(OJ'.Z\.(I)) SQ 
F(O) •A(7)+F(2) OR 
F(l) 'A(O) CMD·SHR 
F(l)•A(l) RPL 
F(l) •A(S) RPL 
F'(l)•A(S) 1 
F(l)•A(l2) OO•SHR 
F(8) •A(l5) L 
F(9) ·A(O) •Sl 0 
F ( 9) -.!\ (7) • 51 0 
F(ll) •i\(12) •sl 0 
F(ll) 'l\(13) •Sl 0 
F(l6) •A(O) 'Sl CMi5 
F(l6) •A(l) •Sl 51o 
F(l6)·A(2)·Sl CMD 

F(l6) •A(7)•Sl+F(l8} IR 
F (16) •A(2) •Sl CMD·SHR 
F (17) •A(3) •Sl CMD·SHR 
F(l7) •A(l3) •Sl l 
F(l9) ·A(l3) •Sl 1 
F(23) •A(12) •Sl 1 
F(23) ·A(l3) ·Sl l 
F{24) •A(O) 0 
F(25) ·A(O) •Sl OO•SHR 
F(25) •A(l) •Sl CMD•sHR 
F(25) •A(2) •Sl CMD•SHR 
F (26) • A(O) 0 
F (27) •A(O) CMD 

F (27) •A (1) CMD·sHR 

F (27) ·A(2) SYNC 

F(27)•A(4) DMD 
F(27t ·A(S) IR 
Z•S2 -

x 

SX 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
l 
1 
l 
1 
1 
1 

1 

1 

1 

-
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Gates serial read data ·onto Dataway, 
Dumps FIFO memory output word onto Oataway. 
Gates Status reqister #1 onto Dataway. 
Gates Status register f2 onto Dataway. 
Gates Error Status register onto Dataway. 
Gates Demand register onto Dataway. 
Gates LAM register onto Dataway. 
Returns Qzl if L signal is present. 
Clears (aborts) block-mode operation. 
Clears FIFO memory. 
Clears I.AM register. 
Clears LAM mask register. 
Writes Serial Conunand buffer. 
Writes Serial Write..:data buffer. 
Writes lower 16 bits of Serial Command 
buffer. 
Loads word into FIFO memory •. 
Writes Mode B parameter word fl. 
Writes Mode B parameter word t2. 
Writes LAM mask. 
Selectively sets LAM mask. 
Selectively clears LAM register. 
Selectively clears LAM mask. 
Disables FIFO storage of demand messages. 
Initiates Mode B operation. 
tnitiates Mode C ooeration. 
Initiates Mode D operation. 
Enables FIFO storage of demand messages. 
Returns Q=l if transmission of output 
message has b'een completed, 
Returns O if CMD is true and if a reply 
has been received or a timeout has occurred 
since initiation or-previous output message. 
Returns Q if receiver sync signal SYNC 
is true. 
Returns Q=l if demand LAM is set. 
Test FIFO status. 
Clears LAM & LAM Mask registers and FIFO 
buf°fer memory; halts any block-mode 
operations. 

Notes: For Modes B, c, and D, SHR is true following receipt of the 
last reply. 
IR = 1 ~IFO Input ready 

g FIFn full 

Table 1 

CAMAC Function Code 

-~-



Bit Label Type* 

13 FIFO A 

12 SERR A 

11 DMD A 

10 XMR A 

9 ROY A 

8 TPE A 

7 TMO A 

6 LPE s 

5 ADNR s 

4 DERR ~ 

l ERR s 

2 sx s 

l SQ s 

l)es~ription 

Is set when FIFO is empty on write or when FIFO 
full or read. Is cleared when block operation 
initiated. 

is 
is 
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Indicates that either bytes are not being received or 
that the receiver has lost byte sync. Set by the 
asertion of SYNC. 

Indicates that a demand message was received. 

Indicates that the serial tr?.nsmitter is ready. It 
is set by the assertion of CMD. 

Indicates that a serial command has been transmitted 
and that either the reply message has been received 
(or command message if the crate address was unrecog~ 
nized) or that the timeout period has elapsed. It 
is set by the assertion of CMD·SHR 

Indicates that a transverse parity error was detected 
in a reply message. It is not set if a transverse 
parity error· occurs on a· wait byte. 

. Indicates that a preset time has elapsed, normally 
l msec ,. from the start of a serial message transmission 
without receipt of a reply. It is set on assertion 
of TIMEOUT. 

Indicates that a longitudinal parity error was detected 
in the reply message. 

Indicates that the crate address was not recognized 
by any crate on the serial highway. This condition is 
recognized by Ml and M2 both being false in the reply 
message CID:•~ = TRUE) . 

Indicates that an error was detected by the addressed 
sec in the previous message address~d to it. 

Indicates that an error was det~cted in the conunand - -message by the ,a,ddressed sec: SQ and SX will normally 
be set al:onq with ERR since a detected error inhibits 
the Dataway cycle. 

Indicates X = ~ respons~t2._the serial message. This 
bit also is not set if Ml· !·12 is true in the reply. 

Indicates Q ·= ~ re_§E,o~e to the serial message. The 
bit is not set if Ml•M2 is true in the reply. 

*The 13 LAM bits may be classed as synchronous (S) and asynchronous (A). 
The synchronous bits are set or not set dependinq upon the status of 
signals at the receipt of a reply message. Asynchronous bits are set 
as events occur. 

Table 2 

LAM Register 
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Binarv Flaq Condition 

CMD Indicates that a serial command 
message is in the process of being 
transmitted. 

SHR SHR = RPL + TIMEOUT, where 

RPL indicates that a message 
other than a demand message has 
been received since the last 
serial transmission. · 
TIMEOUT indicates that l msec 
(nominal) has elapsed since the 
last serial transmission without 
receipt of a reply or unrecogniz-
ed conunand messag.e. 

SYNC Indicates that the receiver is re-
ceiving bytes and has acquired byte 
sync (if in hit serial mode). If 
more than four bytes are transmitted 

· (including wait bytes) without re-
ceipt of a byte, SYNC becomes false. 

DMD Indicates that a demand message has 
been received and that the demand 
LAM source bit is set. 

Table 3 

Condition Flags 

-10-· 
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'l'e'st· c·ommand 

F(271..:~_(0) 
Q = CMD 

F(27) •A(l) 
Q = SHR•Gm' 

F(27)•A(2) 
Q = SYNC 

F{27) •A(4) 
Q = DMD 


