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Purpose / \ \ >

The Muon Readout Card (MRC) is a part of DO Muon Readout Syste and resides in the Movable
Counting House (MCH). It will be located in existing 9U X 280mm VME crates with custom back-

planes. Having only sequential logic and no processor the MR&::II per}y’ns/he following functions:

INTRODUCTION

e Receives data from front-end electronics (FE) and bu ers\it in internal RAM;
e Sends Control signals to digital signal p sso}§SP)/ in FE via universal asynchronous

receiver/transmitter (UART); AN
e Transfers timing and control signals from MU
information from FE to MFC.

NOUT CARD (MFC) to FE and status

VME
; VME
Pl > HOTLmk 74 ﬁuzﬁ\ Interface J1
A [ LogicA [ |Port Control Control
- J2-B
LFPK' ALJICsRA g
N 2-A
p i \\u A Interrupt Logic !
N FE Control|,
4 Logic A [T 12-C
Serial
Pl | [HOTLink | ,[Dual ¢ Controller A
B » Logic B —| Port <
LFE B _,L CSRB ¢ - I3
Status Controller B
FE Control[*
LogicB [ 1
MRC Block Diagram
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Each MRC connects to two FE data sources and consists of the following functional units:

8K byte Dual Port RAM;

VME Slave Interface.

Status Receivers from FE;

Control Transmitters to FE;
2-channel High-Speed Serial Communication Controller AM85C30;
32 bit Control/Status Register;

HOTLink Receiver CY7B933 and its Control Logic;

The above basic block diagram shows that there are two nearly independent interfaces on the MRC.
Each interface is used to pass control signals to the FE modules and receive status'information from
them. The CSR registers, Dual Port Rams, and Serial controller can be read and written from the VME
bus. The following is a detailed block diagram of the MRC.

Hotlink
0] 2
@ 1 DATAA+ Data+ ] _DualPorf ¢
e = 75— DATAA Data- TCK CEILL]
=% 16z 16MHZ 00 MEMWR
L6Mz WRILAY] [wRi:4) 0E112]
INIT INIT  DATAWSI[_[DATAULS]  AL212]
— - ] I
NI 1ADI0:101]_J1ADL0:101 D00:31] WRITE
FEConP2 >—————
MRESET,
701 AT] |
FECon < FE_Confrol conn] [cow < rms Az
XI0TIA+ X071+ BIsok | | Bisok \ TCK A
XI0:7IA— X071~ DSTREAM || DSTREAM o1 y 00 A
AT S NTA: | INIT+ ReFo || RreFo ™S a1 ]|
EPSE’ SoSITA-_ ] - OVF_DSTR] | OVF_DSTR TCK ts——|cs Al
Bt o1 S LALCA: | Liace RVS_BIST] | Rvs_BIST 00 Aam|A
Cr o SUALCA-] Liace- RVS_DSTR] | RVS_DSTR CEAIL4] A
(oA 55 S LZACTA | L2ACC TOUT_BIST] | TOUT_BIST CSRI03] csrio3a AT
[2ACCA-] L2ACC- NI TOUT_OSTR| | TOUT_DSTR IR
P3C- 22 —H H 01034
s SLReEAr | e xton | TOUT_REFR || TOUT_REFR \ anu] A
SO LZREA- | L2RE)- Liace [ isIN|_| sisw MRESET Az | |
ST SIRA | STR+  L2ACC | rerr| ] rerr e CEBIL4] INED <
SR SSIRA- | STR- L2Re) [ RESET| | ReSET csrio3  Ausl] %
(A S DEA: | ok sTR [ RVS_GLB| | RvS_| Asi| A \
Chat— S DonEA- | oone- oone || DSTREN]_| DSTREN BAI1631] BAI631] [es]
c
3t BUSY1A+ [BUSYLY DONE MRESET n
5557 BUSYIA- [8USYL- MEMWR L faast sy
58 S BUSYZA+ [BUS Y2+ BUS Y1 IBUSY1 0BUSY' gezy  AMosi] | Jamost  samosy [
A5 BUSY2A- [BUSY2- BUSY2 SY2 0BUSY?2 tworo] | Juworo  BLworo] |
A ERRIAY [ERRI+  IERI IR ERL WRITE| | Jwarte BWRITE| 4
ERALA- |FRRL-  IER2 R2 QER2 SCTRA+ AS AS BAs|
P3C- 26 P3B- 24 |
Epaa— S5 ERR2A+_[FRR+ SCTRA- SYSRST SYSRST BSYSRST|_A
FRR2A-_|FRR2- i SR SCRCA+ TACK IACK BIACK
Gz ! — 1
SCRCA-
DATAB*F t_Sfatus TDI@GLF}OPT Dstol psto1l  Bostoal] A
N6 - 9
(@ ATAR - I G SCTRB+ DTACK oTack  BoTACK]__A
Qe -1 o MEMWR (G SCTRB-
16MHz = P N L Jwrit41 OEI1:2), (P3A-13 zggggf VME_buffer
v oaTawsi]_Joatautsr  azazl (Pc- 12 essee | L essee
ﬁAD[ow] 1ADI0:10] 000:31] =
. ~ H il ro | Jro TACK
/ =5 [\ODTPOL MRESET| AGI wr [ Jwr
N conn) [conw ?N[%megiﬂ H EEIUNUT e fmert3
XI0:71B+ 07+ BIsok | | Bisok H QUTEIL3] OUTEL3!
X078~ K10:7)4 DSTREAM || DSTREAM At
37 > INIBs REFD| | REFD ™S SerialControl VME_Slave
INITB- ovF_oSTR] | ovF_osTR K -
P3B- -
- ; LIACCBY RvS_BIST] | Rvs_BIST 00 Pt BU03
L1ACCB- RVS_DSTR] | RVS_DSTR
PIA- B -
P30 S L2ACCB: TOUTBIST] | TOUT-BIST CSRI03] ¥?NSTHU[LAWA OataBuffer
(P Slzade-] Lzacc- T || TourosTR| [ toutostR o BUSYIA
Ch oo | e xom [ TOUT_REFR|_| TOUT_REFR N
[7REB- | L2REJ- L1ACC | A BISIN|_| BISIN MRESET N
(PIA-10 = K_[oeria 0SRO LKA+
STRB+ | STR+  L2acC || REFI[ ] REFI
P3B- 12 H WRITE h_foerea  oBUSYI LKA~
A oS- | sTR- Lares [ ReSET[ ] meseT OBUSY2 ENCAS
DONEB+ | DONE+  STR | Rvs_GLB [ | Rvs_GLe
3 1L > hongB- ] DONE-  DONE DSTREN]_| DSTREN N i oEnt ENCA-
P3B- 11 - INTUARTB  OER2 CLKB+
BUSY1B{BUSY1+ DONE 0SRQ [\oBusYIe CLKE-
(P3B- 1t k_JoBusvzs ENCB+
P SBusYBBus Y- INTUART ERIE NGB
(P15 SBUSYZBABUS 12+ 1BUS Y1 IBUSY1 0BUSYL N
e 1, SBUSTZBBUSY2- 1BUSY2 IBUSY?2 0BUSY?Z ~— Tk
e SERRIES JERRL IERL IER1 OERL IDTEPPUDT _
ERRIB- [FRRI-  IERZ IERZ OER2
P38 13 Cerrzes [ERR2
P3A- 5 . *
e SERRZB- [ERR2- CSR
FE_Statfus

MRC Detailed Block Diagram
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It shows most of the signals, which connect the functional blocks. For the most part the two FE channels
are supported independently except for the common use of one serial interface chip and common
interrupt logic. The VME interface is also a common path. Although data may arrive independently, it
must be read out over the common data bus by a VME crate master. There is no local processor on the
MRC so all data readout is of the raw data from the FE. It is the VME crate master’s job to monitor and
control the MRC data buffers.
The MRC responds to the standard VME bus cycles via the J2 and J1 connectors. The FE connects to the
MRC through two cables. The first is located on the front panel of the MRC. This is a 20pin connector,
which mates to an AMP Coaxial Ribbon Cable, which splits into two cables to connect to 2 FE modules.
The other path to the FE is through the J3 VME connector. The MRC receives and sends signals to the
J3 connector, which are then split by the custom backplane into two 50 pin connectors which mate to 50
pin ribbon twist-n-flat cables. These cables then connect to two different FE modules. The MRC also
communicates with the MFC via the J2-A and J2-C rows of the VME connector. The following drawing

shows the logic for a single FE channel connection. >
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Single Channel FE Interface Block Diagram.

Each FE can communicate with the system through the MRC using predefined status and control signals,
HOTLink interface and Serial interface. The MRC simply relays the status and control by converting
signals to differential enabling the signals to driving cables for long runs. Incoming signals are received
differentially and then routed to the backplane for the MFC to detect. Some information is stored in the
CSR register and is accessible by way of VME. Each of the sections will be described in the following

pages.
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DESCRIPTIONS OF SUBSECTIONS

HOTLink RECEIVER CY7B933

HOTLink Receiver CY7B933 in MRC and HOTLink Transmitter CY7B923 in FE unit are point-
to-point serial link for transferring data at 160 Mbit/sec in one direction from FE to MRC. The basic
block for the HOTLink receiver and control is shown below.

From From’PaneL HOTL\DK
Front End (FED
astro connector T0L
Data+ ™S
CN16 -1 !
16MHZ WR[TlDLﬂ To Mrc Dual Port Ram /
e (onfrol
e e
T f— ,
Infernal clock from Oscillator MRESET hddress N )
16MHZ = | EEEE— V4 AN
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TOUT_REFR | S
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‘RER&
/! RESET‘ \
RVS-GLB [N
\T‘JSTR‘EN.; To Mrc (SR register
— > ——

H

>
. N .
n Rece@ and control logic block.
i t

Eight bits of data are load TLink Transmitter on the FE then the serial data is shifted
out of the differential Positive ECL ( ) serial port at a bit rate which is 10 times the reference clock.
The FE boards are cgf cted to RC with ribbon coaxial cable where the distance between FE
boards and MRC is about 2. ﬁt\ ‘One ALTERA EPM7128S is needed to control the HOTLink. Many of
the outputs of the HOTL% control chip go to the CSR for that channel. The VME has no direct
connection to {@K@OTLink xcept through the ALTERA EPM7128S control chip.

At the MRC the signal is transformer coupled to a Comlinear CLCO14 cable equalizer chip, which
then drives the HOTLink receiver input. The following figure shows the HOTLink receiver logic. The
DATA+/- signals come from the 20 pin front panel connector. The DATA- pin can optionally be
connected to GND. The reference clock frequency for the clock/data synchronizer is 16 MHz. A low on
the Data Output Ready (RDY) pin of HOTLink Receiver indicates that new data has been received and
is ready to be written to RAM. A missing pulse on RDY shows that the received data is the null
character (normally inserted by the transmitter as a pad between data transfers).

The data outputs (Q0-Q7, SC/D and RVS) all transition simultaneously, and are aligned with RDY
and CKR within timing specification to interface directly with external memory. The data from the
HOTLink must first pass through the ALTERA EPM7128S control chip before being written to a Dual-
Port RAM.
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HOTLink Receiver circuit.

HOTLink CONTROL

S NS
The HOTLink Control Logic is contained in one EPLD for each /F/E and is implemented with

EPM7128S chips. < %
To series termination
Then fto DualPort contfrol

Write lines
I,

HOTCOMTQL

To series fterminafion
Then to DualPort Dafa lines

ROATAILS]
[ADL0:10

INIT} INIT @
ESET MRESET From VME P2
' To series termination

Then to DualPort address lines
——

From Hoflink Dafa lines

From Hoflink receiver

BISOK | BISOK
DSTREAM | DSTREAM
* REFD |
% OvF_DSTR] _OVF_DSTR
N ‘ RVS_BIST| RVS_BIST
—~ RVS_DSTR| RVS_DSTR To Mrc (SR register
« Q/ TOUT_BIST | _TOUT_BIST
TOUT_DSTR | TOUT_DSTR
TOUT_REFR | TOUT_REFR
REFRAM  BISIN
BISTEN REFI

RESET
RVS_GLB | RVS_GLB
DSTREN] DSTREN

HOTLink Control Chip.
The HOTLink Control Logic contains an internal 8-bit register for the HOTLink Q0-Q7 data signals

which is clocked by the RDY pulse, 12-bit RAM Address Counter which is used to address the Dual-
Port RAM, 16-bit Time-out Counter, and other HOTLink control and interface logic. The MRC uses a
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REFCLK of 16MHz. This gives an internal clock period to the HOTLink of 160 MHz. The single bit
period would then be 6.25ns. At these rates the ID[1:8], SCD, and RVS have a minimum of 3.25ns of
valid hold time after the RDY transition to high.

e DSTREAM

The DSTREAM Trigger is set on receipt of a K28.0 character. It is reset on receipt of a K23.7
character, time-out condition, MRESET and RESET pulse from CSR.

K28.0 ID[1:8]= 0H, SCD= 1, RDY=0
K23.7 = ID[1:8]=8H, SCD=1, RDY=0 4

DSTREAM will clock high on the rising edge of RDY after the receipt of ée K28.0 word. It will
remain high until reset. Reset is asynchronous and will occur on the falling edge of RDY when a K23.7
is detected. < / ™\

A~

CY

e RIAD[0:13] <

The Dual port RAM Address Counter is increased on the edg the RD{/ pulse. DSTREAM must be

present for the address to increment. REFRAME must b ISTEN must be low for the RAM
Address Counter to count. Overflow of the RAM Co D ) disables the assertion of WR1-
WR4 signals to RAM and further counter increasing. m% also sets the OVF_DSTR trigger bit

cause m RIADO-RIADI1 and CLK_0 signal.

in the CSR. Four RAM Write signals WR1 WR4 ar
The sequence is WR3, WR4, WR1 and WR2.”

e INIT

INIT pulse (62.5ns. width at 16

z clo@} is generated on INIT signal from TFW only when
current Data Transfer had fini

S AM=0) or Data Transfer had not finished (DSTREAM=1)
(erroneous situation), but ti i d expired. The time-out is determined by the 16-bit Time-
out counter. The INIT signal is i rom the J2 VME connector. All MRCs receive it in parallel in
the crate. The next C{é@ﬁom\t OTLink will cause the INIT to be latched until the next CLK_0
or a RESET from CS ARESET (master reset) from VME.

e REFRAM Q

The REFRAM séal is sent to the HOTLink chip to force a re-frame cycle. Upon generating REFI
pulse from CSR by software the REFRAM trigger is sent to the HOTLink to initiate framing. Four
delay elements (based on triggers) are designed to examine the RDY pin only after the 7-clock cycle
delay (see HOTLink description). The RDY signal coming after this delay sets the REFD trigger
(separate bit to CSR indicating the re-frame ended) and resets the REFRAM trigger. If re-frame status
is not detected after seven clock cycles TOUT_REFR bit is set indication error condition.
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e BISTEN

In Built-In-Self-Test (BIST) Mode, upon receiving BISIN pulse from CSR the BISTEN trigger is
reset and BISTEN signal to HOTLink Receiver CY7B933 becomes active (low). This means that BIST
is in progress. The BIST loop itself consists of 511 bytes transfer (see HOTLink description). The
procedure of REFD generating in BIST Mode is the same as discussed above on INIT. In this case the
BISTEN trigger is set (and BISTEN becomes inactive) after two clock cycles.

If there were no violation symbols during BIST, the BISOK trigger is set on RDY transfer from
LOW to HIGH at the end of BIST and active HIGH bit BISOK means that BIST }}J.d passed without
errors.

) /
e Time-out Counter >

The 16-bit Time-out Counter (time-out period is equal to appro mﬁ {y 4 ‘ms in our case) is
incremented on CK_O clock signal from CY7B933 when DSTREAM LSTEN are active during
data transfer or BIST. This counter is reset after MRESET, RESET pulse from CSR, K27.3 character
receiving after successful data transfer and setting BISTEN %}:VC If Time-out Counter is not reset

after normal termination of current operation, the TOUT Trigger is set in'4 ms. The separated condition
bits of time-out sources (TOUT_DSTR and TOUT_BIST) are-av le in CSR.

If the violation symbol was received during DST r BIS (RVS signal from CY7B933 was
active) the corresponding bit to CSR (RVS_ DSTR VS.BI 1s set.

Short CY7B933 Description

For a detailed description of the HOTLi ﬁevices, refer to the CYPRESS data sheets. Here the
devices are described only briefly: OTLink Receiver accepts the serial bit stream at its differential
line receiver, and, using a co ﬁ?in grated PLL clock synchronizer recovers the timing information

t

necessary for data reconstructio

To align the inco mg bi o the intended byte boundaries, the bit counter in Clock Sync
block must be initiali The Fra erlogic in CY7B933 Receiver checks the incoming bit stream for the
unique pattern that de ne by;ef boundaries. The Framer logic in the Receiver is controlled by the Re-
frame Enable (RF input si %

When R eld high, the CY7B933 looks for the symbol defined as “Special Character Comma”
(K28.5) or SYNC ‘)fgbol. Once K28.5 is found, the free running bit counter in the Clock Sync block is
synchronously reset to its initial state, thus “framing” the data to the correct byte boundaries. The bit
stream is deserialized, decoded, and checked for transmission errors.

When RF held low, the re-framing logic is disabled. The incoming data stream is then continuously
deserialized and decoded using byte boundaries set by the internal byte counter. The recovered byte is
presented in parallel form at a byte rate (16 MHz). Bit errors in the data stream will not cause alias
SYNC characters to re-frame the data erroneously.
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SERIAL COMMUNICATION CONTROLLER (SCC)

The Dual-channel SCC is implemented with an AMS85C30 and is intended for direct
communications between the VME Processor in muon crates and the DSPs in the FE. This connection
is a secondary path for exchanging data between FE and MRC in testing and diagnostic operation
modes. During normal operation, the 1553 data link will be used to communicate with the FE without
going through the MRC. The following functional block shows the SCC section of the MRC.

Seriallontrol y

SCTRA+
SCTRA-
| SCRCA+
SCRCA-
To/From FE via the VME J3 [
SCTRB+
SCTRB-
| SCRCB+

_S[REB—<1
From VME address lafches A f\ C3REE
* /)2\ +—* From VME inferface
} Al3] ]
DLOX E\ auT

PCLK

To/From VME data buffers

\3‘/ To/From Mrc CSR
To Mrc CSR and Inferrupt logic \ —

A >

The logic within the SCC Block is almost solely implemented with one AM85C30. As seen in the
following schematic block there is little support logic needed. The signals to and from the FE are
differential and pass through the J3 connector where they are split on the backplane into separate
connectors for each channel. Some of the logic for the sending and receiving of these signals is shown in
the simplified sghematic ock below. The 75110 chips are used to drive the SCTRA+, SCTRA-,
SCTRB+, and SCTRB- signals to the FE. The AD8002 chips are used to receive the differential signals
SCRCA+, SCi%C gCRBt and SCRB- signals from the FE modules. These serial connections to the

FE will run hundreds of feet at rates up to 2.5 Mbits per second. To achieve these rates the bi-phase
encoding will be used by the AD85C30. This requires that we provide an external clock. That clock
comes from a 40 MHz crystal oscillator. This oscillator also feeds a clock out to the CSR register where
it is divided by two and then sent back to the serial interface where it is used as the PCLK.

The addressing and control for the serial interface comes from the VME interface.

DO Muon MRC2



Page 9 of 25

+5VA 0.1UF

SCRCA+

I
665 o oul 7
56 665 IN—

ADB002

SCRCA- - Gip &ND

665

0.1UF

6ND

10K ¢ 10K [SNEC ATXCB
I_37lg7C  SYNB|2-

8

il
The inferrupts from fhe SCC INTUART 6
are sharedpby the Two FE < 5 INT RTSB
channels and ‘must L2

distinguished by Softwure P[LKE 23| peLK (OBLZ4

From MRC CSR
is LOMHZ/2 AMB5C30

Not all DyRC\SS caps are
shown in this drawing

w

LOMHzZ
0sC

Description of the AM85C30 Q // .

The AMSB5C30 is an enhanced serial communi <tlo controller designed for use with any
conventional 8- and 16-bit microprocessor bus altkﬂul}h it-is only 8 bits wide. The device contains two
independent, full duplex channels, two baud rate generators, a digital phase-locked loop for each
channel, character counters for each channel n({a 3- by_ receive data FIFO for each channel.

Each channel of the AM85C30 has fifteen write registers and eight read registers. Only four data
registers are directly selected by a high on D/C, to indicate data and the appropriate levels on the RD,
WR, and A/B pins. All other internal registers are accessed indirectly using the address pointer in WRO.
The appropriate code to select th ess of the desired register is first written to the WRO and then the
selected register is accessed with a read or write. The WRO is automatically cleared after this access so
that WRO now points to 6\6@5 ."A or B channel can be selected with the A/B input. The
Transmit Data Regis ér{znd Receiv a Register are accessed directly using the separate D//C pin and

the A/B pin, without eed foga ssing WRO.

There are si ces of interrupts in each channel of the SCC: Receive, Transmit, and
External/Status, for each channel. The internal interrupt daisy chain is arranged in the order of priority
within each cﬁan??@l/wnh channel A having the highest priority. Both channels share the interrupt output,
therefore software rrf;t pole the device to distinguish which channel is the source.
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DUAL PORT RAM

The Dual Port RAM holds data for one event from the each FE. Each FE RAM has a maximum size
of 8k x 32 bits and is implemented with 8k x 8 bit Dual-Port Static RAM chips. The bytes of data from
CY7B933 (HOTLink) are written sequentially to the port A of memory chips under the control of an
EPLD. The port B of these chips is available for writing and reading from VME. Each FE interface
channel is independent and has it’s own set of 4 Dual-Port RAM chips and control EPLD.

DualPort

CEl1:4] e
o
MEMWR —xFrom Vme Slave Interfac
WRI1:4] OEl1.2] /e
) Dl i
From Hoflink DATALLL:8] Al2:12] . >

Receiver ‘ ‘ o
o oy T N ARYIY S add%ymches
S/ N\

N 4
—‘ To/From VME da%\buﬁers”

Block Diagram of Dual Port Ram
7
The Dual Port Ram is controlled by the VME control chi{rand e HOTLink control chip. When a VME
cycle occurs, the VME interface will read or write the igg'ivde\)f the Dual Port RAM, using the
d

address lines A[2:12], and control lines OE[1:2],/C\]§L1: ,an MEMWR. Data will pass through the
Data Buffer in the byte ordering shown in the ‘data path ings and byte format drawings. The
HOTLink controller chip interface will control the left side of the Dual Port RAM. The HOTLink
interface can only write the RAM. The H ink ~éh~i‘p“i~[ If is only eight bit wide so the order of writes
to the memory chips is controlled by the increme ting{ address counter inside the HOTLink control chip.
The current sequence is 3,4,1,2 This means eq'{l rnal MRC data bus bits D[16:23] are written first.
Next D[24:31] are written. Then D[O: . Last D[8:15] are written.

This results in the correct or: eri:@g?oyte or 16 bit VME reads. The first word from the FE being read
out on the even address first byte zero the second word from the FE being read on the second byte of
this first even 16 bit word. The next address read would be odd, that is A1 = ‘1’. This will read the third

word written from th i ?Q\igo byte and the fourth word will be in the second byte.
o~

Dual Port datsformé((m bit LOW A1="0")

VME D15 [ D14 | D13 { DI2 | D11 | D10 | D09 [ D08 | D07 | DO6 | DO5 | D04 [ D03 | D02 | DO1 | D0OO

RAM D23 | D22 [ D21 { D20 [ D19 [ D18 [ D17 [ D16 [ D31 [ D30 [ D29 | D28 [ D27 | D26 | D25 | D24

First word (byte 3) from FE Second word (byte 4) from FE

Dual Port data format (16 bit HIGH A1="1")

VME D15 | D14 D13 | D12 | D11 | D10 [ D09 | DO8 | DO7 | D06 | DO5 [ D04 | D03 | D02 [ DOl [ D0O

RAM D07 | D06 D05 [ D04 | D03 [ D02 | DOl D00 [ D15 | D14 | D13 | D12 | D1l D10 | D09 [ D08

Third word (byte 1) from FE Fourth word (byte 2) from FE
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COMMUNICATIONS BETWEEN MRC AND MUON FANOUT CARD

There will be one Muon Fan-out Card and 11 to 13 MRCs in each muon crate. Each MRC receives
15 signals from and transmits five signals to the fan-out card (see Table I).

T L1
% 48
=rF 125
FE_Confro 30 17
Xo7As [ X007+ 40E E
- XWOTIA—_| X(0:7- 1y1 a1 [T
To Front END o - INITA+ INIT+ _
via Frant panel vwhu r\{ME LF? 1 %PBA 2 INITA INIT s /
which splits into B - -
astro connector two 50 me cables E;E ;? L1IACCA+] LIACC+ gi iﬁi
LKA+ EPBB’ S LACCA-] Liace- 1 241
CLKA- CPoA 73 SLZACCA: | L2ACCs N7 oAz From MFC
ENCA+ From MFC CRr SLACA) Laace- T M3 2A3 vie VI P2
ENCA- via VME P2 C GRS A | LREL X10T) 2L 7ML
KB+ R+ Chm oA | Lares- Liace 3v1 3A1 -
CLKB-  RF- STRA+ | STR+  L2ACC
PIC- 25 3Y2 3A2
ENCB+ ENC+ STRA- | STR-  LZREJ
PB- 25 3Y3 3A3
ENCB-  ENC- ST S5A- 52 GDONEA: | DONE+  STR VL 3AL .
%P}E— STCOONEA- | DONE-  DONE Uit uar / S\
FE_CLk Bavz wa2 SN Y
== 4Y3 LA3 %
T 23] Ni saL
I

FCT1624%

6ND

FAST PECL SIGNALS FROM FANOUT \ ’

Two fast signals from fan-out card, RF and ENC\a transmitted to MRCs using differential PECL

lines. PECL differential transmitters are used iﬁhe fan-out card and MC10H116 differential line

receivers/transmitters are used in MRCs for these signals. The center tap of the transformer is bypassed
SO

a
to ground with a .01uF capacitor. ~

RF+
100

100 300

1 sa1 paL 6 CLKA+
2 3 E IZ
33“3 4 CLKA-
SA3  PAZ D
TRAN2-1-6W

—— 0.01UF ﬁ[‘ 2

GRND

270

« 270/ i 10Ht16

GRD

10H116 6ND aho

DO Muon MRC2
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TTL SIGNALS FROM FANOUT

The other signals from fan-out to MRCs (INIT, LIACC, STR, L2ACC, L2REJ and Xing<0-7>) are
transmitted in TTL levels. 74FCT16244 16 bit latches are used as receivers and 75110 cable drivers are
transmitters for these signals. The figure below shows a subset of the logic. Signals are received from J2

and then transmitted differentially to the J3 connector with 56 ohm pull downs to ground. The signal
DONE comes from the CSR register.

Only o partial circuit is shown here ZO0E 24 /

The remaining signals are distributed L7 o
Y1 1A1 6 P2C-8
From MFC__
via VME P2 .
—~ )

in a similar way using 75100 cable drivers.
1Y2  1A2
Y

1Y3 1A3
INIT comes from the MFC
WME P

2Y1L 2A1
2Y2 2A2
2Y3 2A3
2L 2AL
vl 3A1
Y2 3A2
Y3 3A3
3Y4 3AL
LY1 4LAL
= 4Y2 4A2

INITA+ =S LY3 LAS s
!FF!F%IMM— INT ZER AT PIAT
To FE P3C- 20 /
via VME P3
which_splits info DONEA+ FCT16244

2
two 50 pin cables m JONEA. 510 L
P3C- 24 — G

\ %
MRE. CSR.
from VME. 7

56

GND

1YL 1AL
connector

SIGNALS TO FANOUT

Each MRC can transmit five si n-out Card: BUSY1, BUSY2, ERRORI, ERROR2 and
SRQ. Each output signal fro @tlﬁes the fan-out card about particular MRC internal
condition (interrupts from U BEG DATA and END_DATA HOTLink Control Logic signals)

als to

Intferrupt Logic

OSROA
INTUARTA
OBUSY1A To MFC
OBUSY2ZA via the VME P2
OERLA OSRQ
OERZA OBUSY1
OBUSY?Z
OSROB OERL
INTUARTB ~ OER2
OBUSY1B
OBUSYZB
OER1B
OERZB

From MRC SCC
AMB5C30

i

From MRC CSR B
——

All output signals driven with 74BCT760 buffers on the MRCs are open collector outputs are wire-
ORed on the backplane with the same signals of other MRCs in the crate.

DO Muon MRC2



D OBUSY1A 1
' OBUSY1B 2
OBUSY2A 9
% 0BUSY2B 10
OERLA 12
% OER1B 13
' OERZB 5
OSROA 4
% USROB 5
INTUARTA 12
INTUARTB 13

e

23

ACT08 )3

}

e

23

ACT08 )8

i

16
26

e

23

1A1
1A2

1A3

<

1
ACT08

1AL

[

23

ACT08

t

[

31

ACT08 )6

o
c
]
=

[

.

ACT08 )11

8
31 10f AcTO8

2A1
2A2
2A3
2AL

= === —
~J|UT|W = |oo o [N O [—

uz5

1Y1
1v2
1Y3
1Y4
1 2
2Y2
273
2Y4

GRD

BCT760

/
Vv

w
Schematic of MRC Interrupt logic

Table I. Interconnections in VME @gtxs
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Numbe Signal Source Déstiaa\ﬁgﬁ Type Transmitter Receiver

T
1 RF53MHz | MFC | MRCs PECL SYI00ELT22 | MCI0HI16
2 ENC MEC | MRCs PECL SYI00ELT22 | MCI0HI16
3 INIT | MFC | MRCs TTL SN75121 75110
4 LIACC | MFC | MRCs TTL SN75121 75110
5 Done | MFC MRCs TTL SN75121 75110
6 | IL2ACC | MFC MRCs TTL SN75121 75110
7 L2RE] | MFC MRCs TTL SN75121 75110

8-15 | Crossing# | MFC MRCs TTL SN75121 75110
16 ERRORI | MRCs MEC | TTL OC | 74BCT760 (OC) | FCT16244
17 ERROR 2 | MRCs MEC | TTL OC | 74BCT760 (OC) | FCT16244
18 BUSY 1 | MRCs MEC | TTL OC | 74BCT760 (OC) | FCT16244
19 BUSY 2 | MRCs MEC | TTL OC | 74BCT760 (OC) | FCT16244
20 SRQ MRCs MEC | TTL OC | 74BCT760 (OC) | FCT16244
21 STR MEC MRCs TTL SN75121 75110

DO Muon MRC2
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COMMUNICATION BETWEEN MRC AND FRONT END BOARDS

There are 21 communication signals between one section of the MRC and each of two Front End
Sections (see Table II and Table III).

16 of these signals (RF, ENC, INIT, LIACC, L2ACC, L2REJ, DONE and UART transmit) are
outputs for MRC and inputs for FE; five signals (L3DATA, ERRORI1, BUSY1, BUSY2 and UART
receive) are inputs for MRC and outputs for FE boards.

FAST SIGNALS TO FE FROM MRC s

Two fast signals (RF or 53MHz, ENC or Encoded GAP/Sync) are transmitted via AMP and ASTRO
ribbon coaxial cables. These signals are transmitted by MC10H116 drivers an(‘{ are transformer coupled
to convert differential outputs to single ended signal. g \03

From FE FE_Status

via VME P3

BUSY1A+|BUSY1+
BUSYIA-|BUSY1- To MRC CSR
BUSYZA+|BUSYZ2+IBUSY1] [BUSY1A / /
BUSYZA-|BUSYZ-IBUSY2| [BUSY?2A /
ERR1IA+ JERR1+ IER1] IER1A

[ERR1- 1ER2

b—

IER )
ERR2A+ |FRR2+ é \

. X |

[FRR2-

FE Status Receiver ‘unctional Block.
Receivers for ERROR1, BUSY1, BU d UARTREC signals are based on AD8002 Current
Feedback Amplifier and MAX902 Voltage mpi ator.

VA guF

GND

AD8002

LATCH 1BUSYL

MAX902
332 332

499
56 110PF j
ND

GT

0.1UF

GND
6RO

Example FE Status Receiver Circuit.

DO Muon MRC2



Page 15 of 25
SIGNALS TO MRC FROM FE

The L3DATA is transformer coupled on the MRC to a CLCO14 differential receiver. The CLC014
drives the HOTLink Receiver CY7B933. L3DATA arrives at the MRC on AMP ribbon coaxial cable.

All other signals (INIT, L1IACC, STRB, L2ACC, L2REJ and Xing<0-7> are transmitted to FE using
75110A High Speed Current Drivers.

Table II. Interconnections between FE and MRC (Twisted pairs)

Number Signal Source Destination Type Transmitter | Receiver
1 INIT MRC FE tw. Pair 75110A | ADS8002
2 L1 ACC MRC FE tw. Pair 75110A | ADS8002
3 L2 ACC MRC FE tw. Pair 75110A | ADS002
4 L2 REJ MRC FE tw. Pair 75110A | ADS8002

5-12 Crossing # MRC FE tw. Pair “75110A ADS8002
13 DONE MRC FE tw. Pair | 75110A | ADS002
14 UART Tx MRC FE tw. Pair | 75110A | ADS8002
15 UART Rx FE MRC tw. Pair 75110A | ADS8002
16 ERROR 1 FE MRC tw. Pair 75110A | ADS8002
17 ERROR 2 FE MRC tw. Pair | - 75110A | ADS8002
18 BUSY 1 FE MRC “tw. Pair | 75110A | ADS002
19 BUSY 2 FE “tw. Pair 75110A | ADS8002
20 STRB MRC tw. pair 75110A | ADS8002

Table III. Interconnections between FE a M\ (AMP and ASTRO ribbon coaxial cables)

Number Signal | Source | Destination Type Transmitter | Receiver
1 RF 5 &IR(‘V FE coaxial CLC006 | CLCO14
M
2 "ENC | MRC FE coaxial CLC006 | CLCO14
3 L3 | FE MRC coaxial CLC006 | CLCO14
| DATA.
4 ~ Q{; FE L2 coaxial CLC006 | CLCO14
QQ | TRIG
*)

Note: L2 TRIG signéﬁs not connected to the MRC

The high-speed connections to the FE are made on micro-coax. The MRC sends and receives signals
from to FE crates. The connector on the MRC has signals for two units and must be split into two cables
to feed two front-ends. The pin-outs for the connectors are shown below.

DO Muon MRC2
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AMP 103167-5 16 PIN HEADER CONNECTOR MOUNTED ON MRC BOARD

Pin Signal
L3DATAA+
L3DATAA-

RFA+
RFA-
ENCA+
ENCA- <
NC )
~ NC "~
L3DATAB+
< L3DATAB-
<  RFB+
_RFB-
. ENCB+
ENCB-
/ NC
16 / NC

. N
AMP 103167-1 @N CONNECTOR MOUNTED ON FE BOARD

Signal
L3DATA+
L3DATA-

RF+
RF-

ENC+

ENC-
L2DATA+
L2DATA-

<

|l Ly
- (R ([N |A W=

[
[\®]

[
w

[
N
Vi

[
9]

NN

/\/\/ , N

NS

oe\laxmhum\-'tg

DO Muon MRC2
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VME INTERFACE

The MRC has a 32-bit VME Slave Interface consisting of:

e VME BUFFER for VME address and control signals;
e VME BA[16:31] address decoder in VME SLAVE ;
e VME 32-bit Data Bus Receivers/Transmitters;
e VME SLAVE command decoder.
S
D1 Al A
™S A2} A
TCK AL A
TDO AlL) |
a1
S © o)
To A side CEAILL] a1 | A
DualPort Ram and CSRI0:31A A9T) A
(SR Ao ]
mi A ] /
Ve
gga?DoSP‘?eRam cmzi CEBILAI ﬁg} j <
CSR CSRI0:31B AllLI) A %
ot BA[{Z[% o BA[16:31] ! // /
L mreser n
To DualPort Ram: MEMWR L |_JA[L:15] BAI 15]_, /)
Both A and B sid&
o e RN o %ﬁéi&j NV
WRITE) | WRITEXS RITE} A /
AS AS s| A
g e
Dsion
[ NN ¢

WWMENDYfer
csscc ~
RD )
To SCC for both L |oTAck
A and B side WR B\/
eKout INELL E11:3)

CKIN OUTEIL:3] TE[1:3]
- -
W@mvﬁ
DI0:311 BDI0:311] /)

DataBuffer

( < _ Block Diagram of VME INTERFACE.
TN

A memo ap\,‘of al)&AM buffers and I/O ports in MRC is given in Table IV. It is possible to
select Base address via DIP switches on MRC board (A16-A23 address bits, address lines A24-A31 are
not used). A step of selecting Base address is 64 Kbyte. Most of the decoding is done in the VME
SLAVE logic. The Dual Port RAMs use A[2:12] and the serial controller has A2,A3 as inputs. DTACK
is returned by the VME SLAVE logic. There is no difference between the timing of any DS to DTACK
cycle.

74FCT16244 chips are used as input buffers and 74FCT16500 as Data Bus Receivers/Transmitters.
The VME address and control is buffered but not latched. It always tracks the VME bus. The only
latching is of the decoded address inside the VME SLAVE. The VME data bus receiver does not latch
the data but the transmitter latches output data with DTACK. The VME SLAVE will respond to
BSYSRESET by performing a MRESET on the MRC. The MRC monitors IACK but never issues any
interrupt to the VME. The MRC interrupt logic is simple wire-OR logic on the J2 connector and is

DO Muon MRC2
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received by the MFC not the VME crate master. The MRC can only drive the standard VME data lines
and the DTACK signal. All other standard VME signals are inputs. The VME controller chip also has a
CLKIN (40MHZ) from the serial logic section and CKOUT (20MHZ.) to the serial logic.

The VME address and command decoder for both sections of MRC is based on single ALTERA
EMP7128s chip.

Table IV. MRC Memory Map.

All addresses start from Base Address (N * 64K, N=0...255). In the following table the base address is
assumed to be 220000.

Address Length Assigned

(bytes) /!
220000...221FFF 8K Dual-Port RAM Section A
224000 0 Reset SCC AMS85C30
224010 4 CSR Section A >
228000...229FFF 8K Dual-Port RAM Section B SN
22C000 1 SCC Channel B; access to Control regﬁt@r& o
22C004 1 SCC Channel A; access to Control registe}x
22C008 1 SCC Channel B; direct access to Data registers
22C00C 1 SCC Channel A; direct accégs to Data 1 registers
22C010 4 CSR Section B /

N

DATA BUFFER PATH A

Jéneé from the VME SLAVE interface. These lines

INE][1:3], and OUTE]1:3] control the flow o ataal nd out of the MRC.

CSR and Dual Port data formatA@ bit ) é

vme | DI5 | D14 [ DI3 [ DI2 [ D1V [D107] D09 | DO8 | D07 | D06 | D05 | D04 [ D03 [ D02 [ DO1 [ DOO

csr | D23 [ D22 [ D21 [ D20 [ D19 [ P18 | D)7 ] Di6 | D31 [ D30 | D29 | D28 | D27 | D26 [ D25 [ D24

CSR and Dual Port data/A/ijnat (1‘ it HIGH)

vme | D15 | D14 | D13 | D12 DI1 | D10 [ D09 [ D08 | D07 | D06 | DO5 | D04 | D03 | D02 | DOl | DOO

csr D07 | D06 D04 B@Z’a \DOZ D01 | D00 [ D15 | D14 | D13 | D12 | D11 [ D10 | D09 | D08

<),

Dual Port data for &32 bit even address)

vme [ D31 | D30 | D29 28 | D27 | D26 | D25 | D24 | D23 [ D22 | D21 | D20 | D19 | D18 | D17 | D16

Ram | D07 | DO6 [ DO5 | D04 | D03 | D02 [ DO1 [ DOO | D15 | D14 | D13 | D12 | D11 | D10 | D09 | DO8

vme | DI5S | D14 | D13 [ DI2 | D11 | D10 [ D09 | D08 | DO7 [ D06 | DO5 | D04 [ D03 | D02 | DO1 [ DOO

Ram | D23 | D22 | D21 | D20 | D19 | D18 [ D17 [ D16 | D31 | D30 | D29 | D28 | D27 | D26 | D25 | D24

AMD Am85C30 Serial Communication Controller data format

vme | DI5S | D14 | D13 [ DI2 | D11 | D10 | D09 | D08 | DO7 [ D06 | DO5 | D04 | D03 | D02 | DO1 [ DOO

scc D07 [ D06 | DO5S | D04 [ DO3 | D02 | DOI [ D00 | X X X X X X X X

DO Muon MRC2
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32 BIT CONTROL/STATUS REGISTER

There is one 32-bit Control/Status Register (CSR) in each MRC section (Table V). It consists of:

BUSY1, BUSY2, and ERRORI bits indicating conditions of corresponding signals from FE, and
ERROR?2 bit (as a logical OR of FE signal ERROR?2 and error sources in MRC itself (OVF, RVS
and TOUT signals from HOTLink receivers with corresponding mask bits)

Mask BUSY1_M, BUSY2_M, ERROR1_M, ERROR2_M and SRQ_M bits for corresponding
signals. If they are set to zero the corresponding signals are disabled.

Test bits ERROR1_T, ERROR2_T, SRQ_T, and DONE_T bits for setting /(:orresponding signals by
software.

RESET bit for resetting ERROR bits (TOUT, RVS and OVF) in CSR
Logic QN
REF/REFD bit forces a CY7B933 Re-frame Mode and is used to read ck Re-frame status.

DONE bit reads DONE signal being sent to FE and DONE_R resets the E bit.

CONN bit indicating (when HIGH) that connection with @Linkﬂ/“pansmitter in FE board is valid

i }elf and in i{&fLink Control

N

(LOW means that connection failures)

SRQ bit reads SRQ being sent to MFC < \V

SRQ_R bit for resetting SRQ flip-flop < g

DSTREAM bit indicating (when HIGH) that D{ta\Tran %ﬁm FE board is in progress
DSTR_EN is used to enable and disable the data stea 1 port memory writes).

CSR_A_B indicates that this is A channe OI\BChan 1 of the MRC.

BIST bit for setting HOTLink Built-In'Self-Test (BIST) and BISOK bit for indicating BIST status
TOUT_DSTR, TOUT_BIST, TOUT_R , _DSTR, RVS_BIST, RVS_GLB, and OVF_DSTR
bits indicating the error status ifferent UT, RVS, OVF) sources during different modes of
) a/l%d Built-In Self-Test (BIST)

t uest from SCC ( Serial Communication Controller)

CSR for each section 56{8@& on separate ALTERA EPM128S chip (see below).

7\

— S
e o N\
« < /1 /

He—y CONN
To/From Hotlink BISOK
inferface logic DSTREAM Tor ;Pfoe”yle(MeE LES\]{\/Q

REFD ™S
OVF_DSTR TCK %

RVS_BIST 00 ——*
RVS_DSTR
TOUT_BIST  CSRI0:3]
TOUT_DSTR
TOUT_REFR by
BISIN MRESET | |
REFI

RESET WRITE
RVS_GLB

DSTREN

-
o
=<

From VME
ata buffers

dddddddddaddddd

To Interrupt logic

o
1
rrrrrr trers DONE 0SRO
INTUART
s—_| BUSY1 0BUSY1L
From FE Status K\__| IBUSYZ 0BUSY?2
eeeeeeeee IERL OERL
[ER2 OER2

CSR

([

DO Muon MRC2



Table V. Muon Readout card Status/Control register.
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WRITE READ
VME | Read/ NAME REMARKS NAME REMARKS
bit# | Write
0 R - - TOUT_DSTR | Time-out during Data Transfer
1 R - - RVS_DSTR | RVS during Data Transfer
2 R - - OVF_DSTR | OVF during Data Transfer
3 R - - RVS_BIST | RVS during Self-Test
4 R - - TOUT_BIST | Time-out during Self-Test
5 R - - TOUT_REFR | Time-out during Re-frame
6 R - - RVS_GLB | RVS outside of data transfer
7 R - - INTSCC Interrupt from SCC
8 R - - CONN | MRC-FE Connection
9 R - - DSTREAM CE?B%@ Data Transfer Status
(“1”’when DSTREAM exists)
10 R DONE
11 R SRQ ' | SRQ Status
12 R - - BUSYI FE signal
13 R - - BUSY2 | FE signal
14 R - - ERROR! | FE signal + Set Register
15 R - - E\@OR2 Error2 Sources OR * Mask
AR Register
16 | R/W | ERRORI_T | Errorl test bit | ERRORI_T | Errorl test bit
17 R/W | ERROR2_T | Error2 test bit | ERROR2_T | Error2 test bit
18 R/W SRQ_T SRQ test bit SRQ_T SRQ test bit
19 R/W DONE_T | DONE test bit DONE_T DONE test bit
20 | R/IW REF Reframe HOTLink REFD HOTLink has re-framed
21 R/W BIST WST\M})&—: BISOK BIST Status from CY7B933
_ Control Logic
22 W DONE_R | DONE reset bit (write 1) - -
23 W SRQ_R | SRQ reset bit (write 1) - -
24 | R/W | DSTR_EN | HOTLink Enable HOTLink Enable
25 R " )-) - CSR_A_ B | CSRA=0 CSRB=1
26 | W RESET  |Reset TOUT, RVS, - -
g OVF Bits and CY7B933
Control Logic

27 R/W SRQ_ M SRQ Mask bit SRQ_ M SRQ Mask bit
28 R/W | BUSY1_M | Busyl Mask bit BUSY1 M | Busyl Mask bit
29 R/W | BUSY2 M | Busy2 Mask bit BUSY2 M | Busy2 Mask bit
30 R/W | ERROR1_M | Errorl Mask bit ERROR1 M | Errorl Mask bit
31 R/W | ERROR2 M | Error2 Mask bit ERROR2 M | Error2 Mask bit

DO Muon MRC2
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MECHANICAL PARAMETERS AND FRONT PANEL

The MRC is realized as one-slot VME 9U module on PCB 14.4°” x 11’ size. There are 16 LED on
the front panel (seven for each channel) indicating the following conditions:

- Lost connection between FE board and MRC (DISCONN, red);

- Data Transfer from FE board is in progress (DSTREAM, green);

- ERRORI is present (ERRORI, red);

- ERROR?2 is present (ERROR2, red); 7
- BUSY1 is present (BUSY1, green);

- BUSY2 is present (BUSY?2, green);

- SRQ is present (SRQ, green).

- +5 and -5,2 power supply are on. (yellow)

DO Muon MRC2
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D0 Muon Upgrade Backplane

J7 and J8 Connectors Pin Assignment

Pin Signal Pin Signal

1 Xing0+ 2 Xing0-

3 Xingl+ 4 Xingl-

5 Xing2+ 6 Xing2-

7 Xing3+ 8 Xing3-

9 Xing4+ 10 Xing4-
11 Xing5+ 12 Xing5-

13 Xing6+ 14 Xing6-
15 Xing7+ 16 Xing7-
17 INIT+ 18 JNIT-
19 LIACC+ 20 "LIACC-
21 ERR2+ 22 (. ERR2-
23 L2ACC+ 24 L2ACC-
25 L2REJ+ 26 L2REJ-
27 SCCTR+ 28 ~ SCCTR-
29 DONE+ 30 -~ DONE-
31 STRB+ 32 STRB-
33 SCCRC+ 34 SCCRC-
35 ERRI+ - 360 ERRI-
37 BUSY 1+ 38 BUSY-
39 BUSY2+ 40 BUSY2-
41 GND 42 GND

43 _GND 44 GND

45 GND 46 GND

47 GND 48 GND

49 |, . GND_ 50 GND

— é S
/ . h
Notes C <S
to

1. J7 is referred ction A of MRGC; J8 is referred to Section B of MRC.

2. 10 pins (41-50) of J8 are connected to GND at the backplane; 10 pins (41-50) of J7
are connected to GND within VME module.

3. TxDAT or SCCTR denotes MRC’s UART transmitter output; RXDAT or SCCRC denotes MRC’s
UART receiver input.

DO Muon MRC2



D0 MUON BACKPLANE J1 CONNECTOR

Pin A B C
1 D00 BBSY/ D08

2 DO1 BCLR/ D09

3 D02 ACFAIL/ D10

4 D03 BGOIN/ D11

5 D04 BGOOUT/ D12

6 D05 BG1IN/ D13

7 D06 BG10UT/ D14

8 D07 BG2IN/ D15

9 GND BG20UT/ GND
10 SYSCLK BG3IN/ SYSFAIL/
11 GND BG30UT/ BERR//
12 DS1/ BRO/ SYSRESET/ -
13 DS0/ BR1/ LWORD/
14 WRITE/ BR2/ AM5
15 GND BR3/ A23
16 DTACK/ AMO A2
17 GND AM1 A21
18 AS/ AM2 A20
19 GND AM3 A19
20 IACK/ GND Al18
21 TACKIN/ ~ SERCLK Al7
22 IACKOUT/  SERDAT Al6
23 AM4 'GND Al5
24 A07 IRQ7/ Al4
25 A06 IRQ6/ Al13
26 A05 IRQ5/ A12
27 A04 IRQ4/ All
28 A03 N IRQ3/ A10
29 A02 ) IRQ2/ A09
30 A01 IRQ1/ A08
31 12V +5VSTDBY +12V
32 +5V +5V +5V

DO Muon MRC2
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D0 MUON BACKPLANE J2 CONNECTOR

Pin A B C
1 GND +5V GND
2 STR GND RFE+

3 GND RESERVED RE-

4 INIT A24 GND
5 GND A25 ENC+
6 LIACC A26 ENC-
7 GND A27 GND
8 L2ACC A28 X0

9 GND A29 GND
10 L2REJ A30 X1 .~
11 GND A3l GND
12 RESERVED GND X2 |
13 GND +5V GND
14 RESERVED D16 X3
15 GND D17 GND
16 /SRQ D18 X4

17 GND D19 . GND
18 /BUSY1 D20 o X5
19 GND D21 GND
20 /BUSY?2 D22 X6
21 GND D23 GND
22 /ERR1 ~ GND B X7
23 GND D24 GND
24 /ERR2 D25 RESERVED
25 GND N D26 GND
26 - D27

27 N\ . D28

28 D29

29 < N D30

30 ) ~ D31

31 S GND

32 )/ +5V

Note: ENC and RF are differential ECL level signals

DO Muon MRC2
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D0 MUON BACKPLANE J3 CONNECTOR

Pin A B C
1 GND GND GND

2 X0B- (J8:2) X0B+ (J8:1) X1B- (J8:4)

3 X1B+ (J8:3) X2B- (J8:6) X2B+ (J8:5)

4 X3B- (J8:8) X3B+ (J8:7) X4B- (J8:10)

5 X4B+ (18:9) X5B- (J8:12) X5B+ (J8:11)

6 X6B- (J8:14) X6B+ (J8:13) X7B- (18:16)

7 X7B+ (J8:15) INITB- (J8:18) INITB+ (J8:17)
8 L1ACCB- (J8:20) LIACCB+ (J8:19) ERR2B- (J8:22)
9 ERR2B+ (J8:21) L2ACCB- (J8:24) L2ACCB+ (J8:23)
10 L2REJB- (J8:26) L2REJB+ (J8:25) SCCTRB- (J8:28)
11 SCCTRB+ (J8:27) DONEB- (J8:30) DONEB+ (18:29)
12 STRB- (J8:32) STRB+ (J8:31) SCCRCB- (18:34)
13 SCCRCB+ (J8:33) ERRIB- (J8:36) ERRIB+ (J8:35)
14 BUSY1B- (J8:38) BUSY1B+ (J8:37) BUSY2B- (J8:40)
15 BUSY2B+ (J8:39) X0A- (J7:2) X0A+ (J7:1)
16 X1A- (J7:4) X1A+ (J7:3) X2A- (17:6)
17 X2A+ (J7:5) X3A- (J7:8) X3A+ (J7:7)
18 X4A- (J7:10) X4A+ (J7:9) X5A- (J7:12)
19 X5A+ (J7:11) X6A- (J7:14) X6A+ (J7:13)
20 X7A- (J7:16) X7A+ (J7:15) INITA- (J7:18)
21 INITA+ (J7:17) LIACCA- (J7:20) LIACCA+ (J7:19)
22 ERR2A- (J7:22) ERR2A+ (J7:21) L2ACCA- (17:24)
23 L2ACCA+ (J7:23) L2REJA- (J7:26) L2REJA+ (J7:25)
24 SCCTRA- (J7:28) _ SCCTRA+ (J7:27) DONEA- (J7:30)
25 DONEA+ (J7:29) STRA- (J7:32) STRA+ (J7:31)
26 SCCRCA- (J7:34) SCCRCA+ (J7:33) ERRIA- (J7:36)
27 ERRIA+ (J7:35) BUSYIA- (J7:38) BUSY1A+ (J7:37)
28 BUSY2A- (J7:40) BUSY2A+ (J7:39) GND

29 GND < GND GND

30 GND GND GND

31 GND GND GND

32 -5V 5V 5V

DO Muon MRC2
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