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ABSTRACT

This paper describes the design of the PP3 packet processor chip. PP3 is one of the
four component chips in a packet processor used in the high speed broadeast packet
switching network [Tu88]. Together with the other three component chips, PP3 pro-
vides the interface between the fiber optic links and the switch fabric. PP3 is
currently being fabricated in 2 pm CMOS technology.
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DESIGN OF PP3
A PACKET PROCESSOR CHIP

Hai-Feng Bi
bi@wuccrc.wustl.edu

1. Introduction

This paper describes the design of the PP3 packet processor chip. PP3 is one of the four component chips in a
packet processor used in the high speed broadcast packet switching network. Together with the other three com-
ponent chips, PP3 provides the interface berween the fiber optic links and the switch fabric. PP3 is currently being
implemented in 2 um CMOS technology.

1.1 Switch Module

The Advanced Networks Group is developing a prototype fast packet switching system supporting link speeds of
100 Mb/s and a general multicast capability, which has been named the Broadcast Packet Switch. The overall struc-
wre of the prototype packet switch [Tu88) is shown in Figure 1. The switch module terminates 15 fiber optic links.
The Connection Processor (CP), shown at the top of the figure, is a general purpose computer that provides the
overall control of the system, including connection establishment. The heart of the system is a 16-port Switch
Fabric (SF), comprising a Copy Network (CN), a set of Broadcast Translation Circuits (BTCs), a Distribution Net-
work (DN) and a Routing Network (RN). The CN, DN and RN are composed of binary Packet Switch Elements
(PSE) that perform replication, load balancing and packet routing. The interface between the SF and the high speed
Fiber Optic Links (FOLs) is provided through a set of Packet Processors (PPs).

cp
DN RN

PPs 1 | PPs
= - =
= — | = == .
- @Sk @ nmx ="
= el i=s
1% l ‘:_
— gz =

— N :_E
: l\.l L \.r] i-./ e’ :

Figure 1. Switch Module
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1.2 Packet Processor

The Packet Processors (PPs) form the interface between the external fiber optic links and the switch module’s inter-
nal data paths. They perform all the link level protocol functions, including the determination of how packets are
routed. A block diagram of the PP appears in Figure 2.

PP3
LCXT
PP1 RCE 1 i
(PPZ)
from fol ——={ RL[ RCY ouUT Lo swilch
LTB STB
XMB
{PP2)
10 [ol =seme XLI XMIT IN from switch

Figure 2. Packet Processor

° Receive Link Interface (RLI). Converts the incoming optical signal to an 8-bit electrical format,
and provides a clock recovered from the incoming data stream.

] Receive Circuit (RCV). Checks incoming packets for errors, adds parity, strips off frame check,
routes test packets to the LTB and other packets to the RCB,

. Receive Buffer (RCB). A FIFO which buffers up 10 32 external packets entering the switch module
from the FOL.

® Link Test Buffer (L'TB). Provides path for test packets used to verify the operation of the FOL. The
LT3 can hold 2 packets.

° Output Circuit (OUT). Adds five bytes of header information to the front of each packet received
from the RCB. Performs logical channe! translation and sends packets to the SF, Also reads switch
test packets and LCXT read/write packets from the STB and processes them appropriately.

) Switch Test Buffer (STB). Provides path for test packets used to verify the operation of the SF.
The STB can hold 2 packets.

. Logical Channel Translation Table (LCXT). A lookup table used to translate an incoming logical
channel number to the routing information needed by the SF.

. Input Circuit (IN). Routes internal data packets to the XMB, removing the first five bytes of header
information and routes all other packets to the STB.

. Transmit Buffer (XMB). A FIFO which buffers up w0 32 external packets exiting the swilch
module from the SF.

® Transmit Circuit (XMIT). Takes packets from the XMB, adds the SYNC field, strips parity and
compuies the frame check. Also processes test packets from the LTB.

] Transmit Link Interface (XLI). Converts from 8-bit electrical format to optical format.
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Note that Figure 2 also shows how the componenis are divided among the 4 integrated circuit chips. The RCYV,
XMIT and LTB are placed on the PP1 chip. PP1 also synchronizes the data streams on its receive side and iis
transmit side. The RCB and XMB each consists of a PP2 chip and the IN, OUT, STB and L.CXT are placed on the
PP3, the chip under discussion here.

For reference purposes, the external and internal packet formats and the definitions of the fields are provided in Fig-
ures 3 and 4,

Internal Format

1 RC OP
FAN /LN
External Format BCN/ILCN —
SYNC SRC
f PTYP e PTYP .
— ELCN — ELCN —
80
76
. I
Y
Y FC L— parity

Figure 3. Packet Formats
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/* external packet types */
#define DATR 1 /% ordinary data packet */
#define LTEST 2 /* link test packet */
#define CTL 4 /* control packet */
/* routing control types */
#define IDLE 0 /* unused packet slot */
#define PPET 1 /* point to point packet /
#define MPET 2 /* muitipoint */
#define SPATE 4 /% spacitic path »/
#define PENDIKG 7 /+ waiting for logical channel translation */
. /* internmal packet op codes */
#define VANILLA O /* no control functions */
#define RLCXT 1 /* Tead LCXT entry */
#define WLCXT 2 /* write LCIT entry »/
#define RBTT 3 /* Tead broadcast translation table entry */
#define WETT 4 /* write broadcast translation table entry */
#define STEST! 5 /* switch test, first leg */
#define STEST2 6 /* switch test, second leg =/
#define STEST3 7 /* switch test, third leg */
typedef struct { /* axternmal packet */
bit £411[5]; /= unused =/
bit peyp(3l; /* packet type »/
bit elen[16]; /* extermal logical chanunel number */
bit info(721Le]; /% information field =/
} ext_pkt;
typedef struct { /* intermal packet */
bit opl5]; /* op field =/
bit rel3]; /= routing control Zield =/
bit f4an_1n[8]; /* fanout/ln =/
pit ben_ilen[16]; /= ben/len »/
bit src[8]; /* source of packet */
ext_pkt extp;
} int_pkt;

Figure 4. Packet Format Definitions
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13 PP3

Figure 5 is an illustration of PP3. Packets from the link side enter the chip al the RCB, pass through the OUTI cir-
cuit, a delay fine and the OUT2 circuit and then pass on to the switch fabric. When such a packet passes through the
OUT!1 circuit, its logical channel number is passed to the LCXT, which extracts the selected entry and delivers it to
the OUT2 circuit in time 1o be inserted into the packet. The OUT1 and OUT2 circuits also cooperatively process
switch test packets and LCXT read/write packets. Packets coming from the switch fabric pass through the INC cir-
cuit and are steered to either the STB or the XMB. Packets going 10 the XMB are stripped of the additional header
information added when the packet was first received. The darker lines in the figure indicate the paths of data fiow,

LCXT

fromRCB - to SF

DELAY

OUT1 OuUT2

| CTL/TIM

from SF
STB

INC

o XMB

Figure 5. PP3 Hiustration
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2. Chip Specification
2.1 Operation

PP3 sends and receives packets, performs necessary format conversion and routes the packets according to their
packet types. The types of packets that a PP3 chip expects 1o see are listed below.

Receiving at OUTI :

° Data Packet Pass the logical channel number to LCXT, change the routing control ficld to PEND-
ING, pass the packet in internal format through the delay line, insert the LCXT entry at OUT2 and
send the packel on to SF.

° Non-data Packet Change the routing control field 1o point-to-point (PPNT) and the address field to
0, pass the packet in internal format through the delay line and OUT2, then send the packet on to SF.

Receiving at INC :

° Vanilla Copy the ILCN field 10 the ELCN field, strip off the header, and send the packet to the
XMB in external format.

e  Read LCXT Send the packet through INC, STB and OUT1 where the entry address is passed to the
LCXT. The entry is then extracted by the LCXT and returned to the packet at OUT2.

» Write LCXT Process in the same way as Read LCXT packets, except the LCXT wriles the given
contents into the entry, allowing the LCXT to be updated.

» Specific Path Test Pass the packet throngh INC, STB, OUT]L, the delay line and in OUT2, modify
the packet’s routing control field, the operation field and other relevant fields.

Any operation involving the participation of OUT1 assumes the presence of the grant signal from the down-stream
SF (sf_dg). In absence of this grant signal, no packet will be accepted by OUTL.

External packets entering OUT1 when the sf_dg is not present will not be acknowledged and thus are required to be
regransmitted. Intemal non-data packets, entering PP3 through INC when the STB is full, are lost Internal data
packets, entering PP3 through INC when XMB is full, are also lost.

Packet acceptance is assumed only when no parity error is detected at various check points in PP3, otherwise the
packet is discarded at the point where the error is detecled.

The current implementation restricts the continuous use of STB. Successive packets entering the STB are required
1o be separated by at least two full packet cycles.

The entire circuit needs an initialization period at the beginning of operation, during which the LCXT completes its
pre-charge cycle, All input or output data present during this period is treated as invalid.

The PP3 chip allows isolated operation of each of its functional blocks. Each functonal block can be operated in
two modes, normal (or watching) mode and test (or driving) mode. These blocks operate in their normal mode under
most circumstances. Detailed discussion on this is found in a later section.

Three clocks are required for the operation of PP3. They are named ¢1, ¢2 and ¢3. The three clocks satisfy the
phase relations depicted in Figure 6. In addition, we require that data be siable during 41 and may only be allowed
to change during ¢2.
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phi 3 _/_\__/—\__/_\_
phi 1 __/_\___/_\__/—L
phi 2 | [\ [

o W WG

Figure 6. Clock Phase Relationship

2.2 PP3 Interface
The exiernal interface signals of the PP3 chip are shown in Figure 7 and are described briefly beiow.

test st

pon C port B
b |0,8) ——— [ id [0.5)
rche —— dd [0,8)
dg —————
rcba
—————  ug
amb |08 e | oo ud [0,8]
xmbw
XM ————— boflo

R

clocks packet  reset test perr
time port A

Figure 7. PP3 Interface
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The following is a list of major PP3 interface signals and their description.

e Receive Buffer Data (rcb[0,8]). Input data from the receive buffer, 9-bit wide with parity

e Receive Buffer Empty (rcbe).
e Down Stream Grans (dg).

e Receive Buffer Acknowledge (rcba).
o Transmit Buffer Data (xmb{0,8]).

o Transmit Buffer Write (xmbw),

at bit-8.
Input signal indicating the status of the Receive Buffer.

Input grant signal from down-stream neighboring SF,
indicating the permission 1o transmit a packet during the
next packet cycle.

Output signal, acknowledging the receipt of a packet sent
by the RCB.

Output signals, destined for the XMB from SF, 9-bit wide
with parity at bit-8.

Output signal, indicating whether or not a packet is
approaching the XMB and needs to be written by the
XMB.

» Transmit Buffer Full (xmbf). Input signal, indicating whether or not the XMB is full.

o Clocks (91, ¢2, $3). Input sipnals, two-phase non-overlapping clocks ¢1 and
2. ¢3 overlaps ¢1 and is used in control and timing cir-
cuits.

e Packet Time (gtm2, itm2), Input signals, signifies that the next global or internal
packet cycle starts in 2 ticks.

® Reset (reset, stst). Input signal, providing a hardware reset or a soft reset

e Test Ports (1A, 1B, 1C).

signal, the latter only resets the parity error.

Bidirectional signals, providing the capability of either
watching or driving a certain set of signals.

e Parity Error (perr). Output signal, indicating whether or not a parity error has
been detected,

o Buffer Over Flow (bofio). Output signal, indicating overflow at either STB or XMB.

o Up Stream Data (ud[0,8]). Input data from the SF, 9-bit wide with parity at bit-8.

e Up Stream Grant {ug). Ouput signal to up stream neighboring SF, indicating per-

o Down Stream Data (dd[0,8]).

o PP ID (id[0,5]).

mission 1o transmit a packet during the next packet cycle.
Itis tied high in this design.

Output data, destined for SF, 9-bit wide with parity at
bit-8.

Input signals, allowing each PP to be identified with a 6-
bit pattern.

Figure 8. PP3 Interface Signals
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3. Design of Functional Blocks

The PP3 block diagram is shown in Figure 9. The major functional blocks include,

1) Input circuit (INC) 6) Control/timing circuit (CTL/TIM)

2) Switch test buffer (STB) 7) Parity checker/generator (PCHK/PGEN)
3) Cuiput circuits (OUT1,0UT2) 8) Parity indicator

4) Logical channel translation table (LCXT) 9) Tap (tA, tB, tC)

5) Delay line (DELAY)

Each block operates with reference 1o its own packet cycle time. Although the packet cycles are all of the same
length, they don't start and end at the same time, The start of a local packet cycle is signified by the presence of a
packet time (or 1m2) signal. Each local clock starts counting an 86-tick cycle two ticks afier the presence of 1m2.
The CTL/TIM block is responsible for generating the #m2 signals 1o each of the individual biocks, coordinating the
operation in the entire chip. Figure 9 on the next page shows the PP3 block structure.

3.1 Input Circuit

The input circuit (INC) interfaces with the SF on one side and the XMB on the other. There are two types of pack-
ets it may expect 10 see coming from the SF end, data packets and non-data packets. Data packets are converted to
external format and sent on to the XMB. Non-data packets are passed on to the STB. The buffer overflow flag is sct
when either the STB or the XMB is detected to be full. Writing to these buffers is only allowed when the involved
buffer is not full and the parity fiag indicates no error. The input and output of this block are tabulated as follows.
The time column indicates when a signal is activated with respect to its local packet cycle. Local clocks run from
tick 0 (10) 1o tick 85 (185). Note that the presence of the clock signals, the m2 signal, power and ground are
assumed and are thus omitted in the able.

| Signal | Direction | Width | Time Description
sf d input g t0 data from SF
stb_f input 1 10 STB full flag
ipe input 1 180 parity error
xmb_d output 8 18 data to XMB
xmb_w output 1 185 XMB write signal
stb_d output 8 14 data to STB
stb_w output 1 185 STB write signal
boflo output 1 30 buffer overflow

Table 1. INC Input and Quiput

INC is generated with the Synchronous Streams Processor {ssp) Circuit Generator [Ro88]. The SSP Circuit Gen-
erator takes 2 high-level circuit description and generates the circuit at mask level. The INC circuit description is
given on the page that follows. (Refer to [Ro88] for syntax and conventions used in this specification language.)
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/* Synchronous streams processor definition for the input circuit used

/* within the PP3 chip.
/%

/* Inc interfaces to the switch fabric,

the stb and xmb and input

/* parity checker. On each cycle it expects a packet to arrive from
/* the switch fabric and it steers the packet to the appropriate port.
/* For xmb packets, it strips the extra header information.

/* Packets with errors are not written to buffers.

L/

#include "pktfmt.sih"

inc@86( port[8] int_pkt <sf_deo; /75
port[8] ext pkt >xmb_d@8; i
port[1] bit[1] >xmb_w@85; />
port (1] bit[1] <xmb_f@0; /*
port[8] int_pkt >stb_de4; fad
port[1l] bit[1] >stb_w@g5; /*
port[1l] bit[1] <stb_£@0: =
port[1] bit (1] >boflo@80; /*
portil] bit[1] <ipe@80) /*

{
stb_ w = 0;
xmb_w = 0;
boflo = 0;
if sf d.rc != IDLE & sf_d.op == VANILLA ->

xmb_d = sf_d.extp;
xmb_d.elcn = sf d.ben_ilen;

if xmb_f ==
boflo
| xmb_£f ==
x> w
fi;

| sf_ d.rc != IDLE & sf_d.op != VANILLA

stb d = sf_d;
if stb_f ==
boflo
| stb £ == 0
stb_w
£i;
£i;

Figure 10.

-2
& ipe == () =3
-2
-
& ipe == 0 ->
= 1;

INC S8P Circuit Description

data from fabric */

data to xmb */
xmb write signal */
xmb full */

data to stb */
stb write signal */
stb full */

buffer overflow */
parity error */
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3.2 Switch Test Bulfer

12

The switch test buffer (STB) resides in between the INC and the OUT1. The purpose of doing this is two-fold.
One, packets destined for OUT1 may not be able to enter OUT1 during a particular packet cycle, because down-
stream SF doesn’t permit OUT1 to send packet at current time, Secondly, INC and OUT1 have different local
packet times. Packets coming out of INC are therefore buffered until, at least, they are synchronized 10 OUT1's

packet time. The block diagram of STB appears in Figure 11.

ud [0,8] D
phi C
. d
ata
_f . shift buffer 0 I
outshift
MUX D I dd |0,8)
d c
] _L& data I_
9 | shift buffer 1 ! phi
full = /r empty
\‘rj first I
wrile J +—D - i .
hi — dp bd fli
phim I R l— ce 7 P
1,80+ It 80) 1 (85) T = ack
phi — latch_dp d
2 —— ctl _ timing t (83) update —I
t (16) tatch_ack

Figure 11.

STB Block Diagram



PACKET PROCESSOR CHIP 13

There are a number of components in STB. Most importantly are the two packet buffers, each capable of holding
one 80-byte long packet. The buffers are implemented with a chain of shift register cells. A feedback path connects
the cutput of a buffer back to its input end, allowing a packet not permitted to exit during the current cycle to recir-
culate in the buffer. The output multiplexer selects alternately between the two buffers. The Control/Timing block
provides the timing signals to all the blocks in STB.

The block BUSY contains mainly a two-bit binary counter. The counter is incremented when a new packet is
accepted at STB and decremented when a packet leaves STB. The busy signal is generated when the output of the
counter reaches 2 which is the maximum capacity of STB, and the empry signal is asseried when the output indi-
cales a zero,

The block FIRST determines which buffer is to shift out data during the next packet cycle. The output of FIRST is
toggled if one of the following condition is satisficd.

1) buffers are currently empty and a new packet is arriving,
2) a packet currently occupying a buffer has been transmitted and has been acknowledged.

The current implementation of the STB deviates from this schematic slightly. In the current implementation, only
one buffer ( buffer 1) is being used. The output mux is tied 10 high allowing output only from buffer 1. Accord-
ingly, the busy signal from BUSY is taken to be the complement of empty, i.e. busy is asserted as soon as buffer 1 is
taken. Figure 12 shows this change.

) <]

Buffer0 busy —\l } empty
=7 =0
- BUSY
+ -
Buffer 1 T T
inc reset dec
Figure 12. STB Modifications
A table of input and output of STB is provided below.
| Signal | Direction | Width Time Description
ud input 9 t(ud) data coming from INC
wrile input 1 t(ud)+80 write 10 STB from INC
ack input 1 110 acknowledgement from OUT1
dd output 9 2 data going 10 OUT]
full oumput 1 vary STB buffer full flag
empty output 1 184 STB buffer empty flag

Table 2. STB Input and Output
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3.3 Qutput Circuits

The output circuit is divided into two parts, OUT1 and OUT2. This division is necessary due 1o the limitations in
the current implementation of the SSP Circuit Generator.

OUT1

OUT!1 receives packets from the RCB or the STB. If the packet coming from the RCB is a data packet, OUT1
passes the logical channel number to the LCXT and sends the rest of the packet on through the delay line. If the
packet is a non-data packet, the packet is sent on to the delay line with a few modifications. For packets coming
from the STB, regardless of their types, OUT1 rouies them to the delay line without any change. The QUT1 inputs
and outputs are listed below.

| Signal | Direction | Width | Time Description
rcb_d input 8 10 data coming from RCB
rch e input 1 10 RCB empty flag
stb_d input 8 t0 data coming from STB
sth_e input 1 [U4] STB empty flag
sf_dg input 1 [14] grant from down-stream SF
out output 8 14 data sent 1o delay line
rch_a * output 1 18 acknowledge RCB packets
stb_a output 1 18 acknowledge STB packets
lext_a output 8 t13 LCXT address, only 6 bits used
Icxt_di output 8 112 LCXT daia
cxt w output 1 6 write to LCXT

Table 3. QUTI Input and Output
The ssp specification for the OUT1 circuit appears on the next page.
ouT2

OUT?2 accepts packets from the delay line, originally sent out by OUT1. In the default mode, OUT2 copies the
incoming packet to the outgoing packet, adding the processor id number to the source field (src). If the packet was a
data packet originally from RCB, OUT? replaces its first 4 bytes with the entry LCXT has delivered. If the packet is
to read an entry out of the LCXT, OUT2 sticks the contents of the entry in the designated field. For specific path
test packets, OUT2 updates the related fields and passes them along.

Signal | Direction | Width | Time Description
ud input 8 t0 data coming from the delay line
Iext_do input 8 t0 entry LCXT delivers
pp_id input 8 jud] processor id, 6 bits used
dd output B t4 data exiting PP3

Table 4. OUT2 Input and Owput

The ssp specification for OUT2 is shown on the page that follows.
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/* Synchronous streams processor definition for the outl circuit used
/* within the PP3 chip.

/*

/* Outl interfaces to the rcb, 1th, lext and a delay line. It also
/* receives the grant from the switch fabric. On each cycle it expects
/* packets to arrive from the two buffers and a grant signal to be
/* present at time 0.

vy

éinclude "pktfmt.sih"

cutl@86 (port([8]
port[1}
port[l]

port[8]
port[l}]
port[1]
port[8]
port|[8]
port[8]
port[l]

port[1]

ext_pkt
bit

bit [16]
int_pkt
bit
bit{16)
int_pkt
bit(8)
bit{4) (8]
bit[16)

bit

out.re = 0;
rcb_a = 0;
sth_a = 0;

lext_w = 0;
lewt_a = stb d.extp.info{0]};

lext_di:{0..31) = sth_d.extp

<rcb_deo:
<rcb_ef0;
>rch_alg;

<stb deo;
<stb_el0:
>stb a@B;

>out@d;

>lext_a@l3;
>lcext_digl2;
>lext_we6;

<sf_dg@0)

.info:(B..39);

if sf£ dg == 1 & rcb e == 0 & stb & == 1 ->
out.extp = rcb_d;

rch_a = Oxffff;

if rcb _d.ptyp == DATA ->

out.rc =
lext_a =

| reb_d.ptyp != DATA ->
ocut.rc = PPNT;
cut.fan_ln = 0;

£i;

| sf dg == 1 & stb e == 0 ->

IR
s

stb 2 = Ox{f

if stb _d.op == RLCXT ->
out = stb_d;

| sth d.op == WLCXT ->

loxt_w = OxEfff;

| stb d.op == STEST1 | sth_d.op == STESTZ ->

out = stb_d;

£ 4

P

PENDING:
rcb_d.elen: (0.,

/* start logical channel */

/* translation */
7):

/* route non-data packets */
/* to CP. *f

/* start lext read */

/* write lext */

/* ouz2 coes zest */

Figure 13. QUTI SSP Circuit Description
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/%

/* within the PP3 chip.

/%

/* Out2 interfaces to an upstream delay line, the

/%
Iz
/%
L/

#¢include "pktfmt.sih"

switch fabric. It also has a port connected to
give the pp’s number. On each cycle it expects
arrive from the delay line and if needed, data

Synchronous streams processor definition for the out2 circuit used

lext and the
the pins that
a packet to
from the lcxt.

out2@86 (port[8] int_pkt <ud@o: /* upstream data */
port[8] bit[4](8) <lcxt_do@0; /* info from lcxt */
port[8] bit([8] <pp_ideo: /* pp number */
port (8] int_pkt >dd@d) /* downstream data */
{
dd = ud;

dd.src = pp_id;
if ud.rc == PENDING ->

dd: (0..31) = lcxt_do: (0..31}:

| ud.op == RLCXT ->

dd.extp.info: (8..39) = lcxt_do:(0..31);

| ud.op == STEST1 ->
dd.rc = SPATH;
dd.op = STESTZ;
dd: (8..31) = ud: (16
dd:(32..39) = ud: (8
| ud.op == STESTZ ->
dd.rc PPNT;
dd.op = STEST3;
dd.fan_1ln = 0;

fi;

/* rotate bytes 1-4 by 1 */

..39);
..15);
/* return it to CP */

Figure 14, QUT2 SSP Circuit Description
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3.4 Logical Channel Translation Table

The logical channel translation table (LCXT) is a memory component with 64 entries. LCXT allows both reading
from or writing to a location identified by a 6-bit address. Writing and reading are done through the WLCXT and
RLCXT control packets. The signal r/w is set to low when read, and high when write. LCXT requires a pre-charge
cycle before its normal operation.

Sional | Direction | Width | Time Description
in input 9 14 data 10 be written into
a input 6 4 6-bit entry address
out output 9 116 dala 10 be read out

Table 5. LCXT Input and Output
3.5 Delay Line

The delay line (DELAY) is a chain of 21 shift register cells. Packets passing through DELAY will experience a
delay of 21 ticks. The reason a delay line is placed in between OUT1 and OUT2 is that when an external data
packet enters PP3, it needs to find an entry from the LCXT. The delay allows processing time required by the
LCXT 1o fetch an entry. By the time the head of the packet exits the delay line and reaches OUT2, the entry from
LCXT will be ready, waiting at OUT2.

3.6 Control/Timing Circuit

The controlftiming (CTL/TIM) is the heart of the entire PP3. It provides the packet cycle start-signals to all the
other blocks, maintzining the overall synchronization. The CTL/TIM circuit is mainly a 7-bit counter, counting
from 0 to 85 in a wrap-around fashion. Timing signals are sent to other blocks when the counter output reaches
some pre-determined values.

The CTL/TIM circuit is once again implemented using the ssp Circuit Generator facility. The specification appears
below. Four timing signals are being specified here. They are activated at ticks 52, 54, 63 and 79 in an 86-tick
packet cycle.

condinps CO
regouts L0

muxouts t52 t54 t63 t79
cntsize 7

cntmax 86

cntena - 86 <MAX>
sigset - 52 t52
sigrst - 53 t52
sigset - 54 tb54
sigrst - 55 t54
sigset - 63 t63
sigrst - 64 té3
sigset - 79 t79
sigrst - BO t79

Figure 15. CTL/TIM Specification
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3.7 Other Circuits

There are many small circuits involved in PP3. These include, clock drivers, parity generator, parity checker, parity
indicator, taps, elc. Here we talk about the design of two of the small circuits, the parity indicator and the taps.

Parity Indicator

The parity indicator provides a mechanism for reporiing a parity ermor. The indicator can be cleared upon a
hardware reset or a soft reset. The schematic is shown as follows. It consists of a J/K flip fiop and two OR gales,
providing the J and K signals. The indicator is set when at least one of the 4 parity check points reports an error.
The indicator stays high until a hardware reset or a soft reset is issued to clear it.

reset

reset

SISt )

J/K —— perr
FLIP FLOP

fro P
mparity, p2

( checker ) p3 ' ac(t)
p4

Figure 16. Parity Indicator

The structure of the J/K flip flop used in the parity indicator is shown below. The J/K flip flop is 2-phase clocked.
Changes at J or K are only latched in during ¢1 and Q is only updated during ¢2, A transition table is also provided.

+5Y
J K : Q ! l>’ ""'"C‘l phil'eJ e K’
0 | 0 | previous state 114
(1) 1 1 (set) ohil* I

0 (clear) ; I~
| l/]" ll: (pcé)rr)

phi2

Figure 17. JIK Flip-flop in Parity Indicator
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Taps

Taps are circuits attached to a data line or a group of data lines allowing the designer 1o either monitor or drive the
line(s). A tap has two operation modes, the waiching mode and the driving mode. In the watching mode, a tap sim-
ply sends a copy of what passes through the line without altering the data. This provides the designer with the capa-
bility of monitoring some critical internal signals that are normally no accessible from the package pins. In the driv-
ing mode, a tap attached 10 a line breaks the line, stops the upstream data and supplies the downstream data with its
own. This effectively allows the downstream circuit to be able to operate independently. In case of upstream cir-
cuit failure, the downstream circuit can remain operational if data is supplied through these taps. The structure of a

tap is shown below.

test port data dir=0 watch mode

dir {| en dir=1  drive mode

TAP

[ ]
upstream . : downseam
data ] data
® '

Figuwre 18, Structure of a Tap

A 1ap is enabled when the EN signal is asserted. It is in the waiching mode if the direction bit is set to 0 and driving
mode if set 10 1. A tap allows a maximum of 10 data lines to be tapped at a time.

In PP3, there are 3 groups of taps, named tA, (B and tC. Each group consists of 4 taps, tapping at different points in
the circuit. In within each group, only one can be activated at a ime. This is done through a 2-to-4 decoder. Each
tap group provides its decoder with two select bits, ts1 and ts0. The output of the decoder then selects the tap in the
group and make it enabled. The signal tin provides the direction a wap needs. Note however, the tap direction bit is
taken 1o be the inversion of the rin. For example, if in group A, we set tin = 0, ts] = 1, and ts0 = 0, then 1ap 2 is
enabled and the direction is set to 1 (sin’), indicating the driving mode. Taps are useful for testing and debugging
purposes. In Figure 19 on the next page, we show how the signals in PP3 are 1apped.
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4. Implementation

4.1 Integrated Circuit Design

The PP3 chip was designed using a set of CAD tools from the University of California at Berkeley, described in
[ScMa86). The circuit layout ool used is Magic, a graphical layout editor capable of supporting a hierarchical cell
structure. Technology based design rules are checked by Magic and these are based on a Manhattan design style
with A=1.0 um. The minimum line width is 2 pm. The chip fabrication technology is an n-weli CMOS process,
facilities being provided by MOSIS. The chip contains a total of approximately 48,000 transistors.

The diagram below shows the layout of the major functional blocks viewed from the topmost cell. Notice the place-
ment of taps among the functional blocks

( h

B3
|0-B PCY
LCXT ;
‘ ]

-
2
II . QUT2
TEHE ok
— -
| 5
| Nl\[-
|| UO
OUT1 || CTL_TIM o
| || o,
"AO T
l PO pg |_
_D—D___:
Al BO
PG
0-7 0-8 STB
IN =
e [l
PG
A
\_ 3/

Figure 20. PP3 Block Level Layout
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4,2 Circuit Simulation

The simulation tools used include ESIM [ScMa86) and FACTS [MCNC]. Esim provides a logic simulator while
FACTS performs timing analyses in a nice graphical form. Each packet is 80-bytes long and the inter-packet
separation is 6-bytes Jong. Most of these logic simulation require input with 4 or more packets. Consequently, a
simulation input file has to contain a large number of vectors. VESIM is used in this case to provide a front-cnd
interface to ESIM, aliowing test vectors 1o be displayed in a vertical format merely for visual convenience. Due to
the computational intensity of the simulation, FACTS is used to simulate circuits only up to the functional block
level. Clock rates of 42 MHz are used in all the timing simulations.

Each functional block was simulated for correct operation after it had been designed. The PP3 highest-level cell
was then simulated with the confidence that all sub-blocks work properly. In simulating the highest-level cell, a set
of 8 input files were used to test the circuit, providing a variety of conditions and different types of packets. The
layout had passed all of the eight tests before it was submitted for fabrication. These eight tests have provided a
sufficient variety of cases that PP3 is expected to deal with. I believe that an exhaustive test is neither practical nor
necessary. These eight tests are listed below.

Test Name Path Packet Type Description

ppnt QUTI1-DELAY-OUT2 non-data (ext) process RCB nod-data packet
pend QUTI1-DELAY/LCXT-OUT2 data (ext) process RCB data packel
wrlcxt INC-STB-QUT1-DELAY/LCXT-QUT2 | wilcxt/fricxt (int) access LCXT entries

xmb INC vanilla (int) send packet from SF out to XMB
stestl INC-STB-QOUTI1-DELAY-OUT2 stest] (int) process specific path test packet
stest2 INC-STB-OUT1-DELAY-OUT2 stest2 (int) process specific path test packet

stb STB (isolated) (int) 1est STB isolated operation

drvc2 ouT2 drive a tap

Table 6. PP3 Simudation

Taps are also included in these simulations. Every tap is made sure to have been simulated at least once, either
watched or driven. If a tap works in one mode, one can be convinced that the direction of tap works fine and also
the tap bus can deliver data properly and conclude that this tap works, The following table lists how each tap is
tested. (D indicates that a tap is tested in its driving mode and W in its watching mode).

TestName | AO | A1 | A2 | A3 | BO|BI [ B2 [ B3 | C0 |C1]|C2 C3 tin ts1tsO0 (A B C)
ppnt W - - - W - - - - W - unused 100 100 101
pend - w - - - - - Wl W - - unused 101 111 100

wrlext - - W o - - W - w - - unused 110 110 100
xmb - - - - - W - - - - - unused 1-- 101 1--
stestl - - - W D - - - - W - unused 111 000 101
stest2 - - - W D - - - - - W | unused 111 000 110
drvc2 - - - - - - - - - - D | unused 1-- 1-- 010

Table 7. Testing the Taps
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4.3 Packaging and Pin Assignment

The PP3 chip is implemented in a 108 pin-grid-array package. The size of the chip is 7900 mm X 9200 mm. Figure
21 below shows the pin arrangement as viewed from top of the package. A full description of the pins and the sig-
nals follows.

I
10 | ud0 udl ud2 itm2 A0 tA3  tA6 tAR9 tAin xmbl xmbl xmb2

| (107) (106) (105) {6) (9) (12) (15) (18) (21) (24) (31} (32)
|
11 | perr phil phi3 reset t2l tad tA7 +tRsO ido id2 id5 xmbw
: (108) (2) (4) {(7)  (10) {13) (16) (19) (22) (25) (29) (30)
12 | sub phi2 gtm2 srst tA2 t25 tA8 thsl idl igs id4 Vad
I (1) (3) (5) (B} (11) (14) (17) {20} (23) (26) (27} (28)

M L K J H G F E D & B A

I I

1 | GND tCsl tCsoO tC8 tC5 tC2 tBS tB6 tB3 tB0 +tBsl GND ]
| (82) (81) (BO) (77) (74) (71) (68) (65) (62) (59} (57) {35) |

I }

2 | recbe tCin tC9 tC7 tC4 tC1 tB8 tBS tB2 tBin tBs0 boflo |
| (84) (B3) (79) (76) (73) (70} (67) (64) (61) (58) (56) (34} |

I |

3 | reb2 rchkl zcbl +C6 tC3 tCo tB7 tB4 tBl ddz ddl ddd |
| (86) (B5) (78) (75} (72) (69) (66} (63) (60) (51) (52) (33) |

I |

4 | reb3 rcb4 rcb3 dd4 dd4 dad3 |
| (8%) (BB) (B87) {48) (49} (50} |

I . I

5 | rcbB rcb7 rcbé dd8 dd? dde |
| (92) (921) (90) (45) (46) (47) |

I i

6 | reba gnd wvdd gnd vdd dg I
| (85) (94) (93) (42) (43) (44) |

I I
71 ug vdd gnd vdd gnd xmbf |
| (98) (87) (96) (39) (40) (41) |

I 1

8 | udsé ud? uds xmbé xmb7 xmb8 |
| (101) (100) (99) ° (36) (37) (38) |

I |

9 | ua3 udd ud5 xmb3 xmb4 xmb5 |
| {(104) (103) {(102) (33) (34) (35) |

[

i

I

I

I

I

[

1

I

I

Figure 21. PP3 Pin Arrangement
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Pin Signal Direction Description

1 sub - substrate

2 phil input clock phase 1

3 phi2 input clock phase 2

4 phi3 input clock phase 3

5 gtm2 input global packet time
6 itm2 input internal packet time
7 reset input hardware reset

B srst input soft reset

9 tA0 ifo tap A, data bit 0
10 tAl ifo 1ap A, data bit 1
11 1A2 ifo tap A, data bit 2
12 1A3 ifo tap A, data bit 3
13 A4 ifo 1ap A, data bit4
14 LAS ifo 1ap A, data bit 5
15 tA6 ifo 1ap A, data bit 6
16 tA7 ifo tap A, data bit 7
17 tAB ifo tap A, data bit §
18 tA9 ifo tap A, data bit 9
19 tAsD input tap A, select bit 0
20 tAsl input tap A, select bit 1
21 tAin input tap A, direction
22 id0 input processor id bit 0
23 id1 input processor id bit 1
24 xmb0 output data 10 xmb, bit 0
25 id2 input processor id bit 2
26 id3 input processor id bit 3
27 id4 input processor id bit 4
28 Vdd input power

29 ids input processor id bit 5
30 xmbw output write 1o xmb signal
31 xmbl output data to xmb, bit 1
32 xmb2 output data to xmb, bit 2
33 xmb3 output data to xmb, bit 3
34 xmb4 output datz to xmb, bit 4
35 xmb5 output data to xmb, bit 5

36 xmb6 output data to xmb, bit 6
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Pin Signal Direction Description

37 xmb7 output data to xmb, bit 7

38 xmb8 output data to xmb, bit 8

39 vdd input power

40 GND input ground

41 xmbf input xmb full flag

42 GND input ground

43 vdd input power

44 dg input down strcam grant

45 dd8 output down stream data bit 8
46 dd7 output down stream data bit 7
47 ddé output down stream data bit 6
48 dds output down stream data bit 5
49 dd4 output down stream data bit 4
50 dd3 output down stream data bit 3
51 dd2 output down stream data bit 2
52 dd1 output down stream data bit 1
53 ddo output down stream data bit 0
54 bofio output stb or xmb overflow flag
55 GND input ground

56 tBs0 input 1ap B, select bit 0

57 tBsl input 1ap B, select bit 1

58 tBin input 1ap B, direction

59 tBO ifo tap B, data bit 0

60 iB1 ifo tap B, data bit 1

61 B2 ifo tap B, data bit 2

62 1B3 ifo tap B, data bit 3

63 B4 ifo tap B, data bit 4

64 tB5 ifo tap B, data bit 5

65 tB6 ifo tap B, data bit 6

66 tB7 ifo tap B, data bit 7

67 tB8 ifo tap B, data bit 8

68 B9 ifo tap B, data bit 9

69 1C0 ifo tap C, data bit 0

70 1C1 ifo 1ap C, data bit 1

71 tC2 ifo tap C, data bit 2

72 1C3 ifo tap C, data bit 3




PACKET PROCESSOR CHIP 26

Pin Signal Direction Description

73 1C4 ifo tap C, data bit 4

74 1C5 ifo tap C, data bit 5

75 1C6 ifo tap C, data bit 6

76 17 ifo tap C, data bit 7

77 1C8 ifo tap C, data bit 8

78 rch0 input data from reb, bit 0
79 tC9 ifo tap C, data bit 9

80 1Cs0 input tap C, select bit 0

81 tCsl input tap C, select bit 1
82 GND input ground

83 tCin input wap C, direction

84 rche input rch empty flag

85 rchl input data from rcb, bit 1
86 rcb2 input data from rcb, bit 2
87 rcb3 input daia from rcb, bit 3
88 rcb4 input data from rch, bit 4
89 rch5 input data from rcb, bit 5
90 rchb input data from rcb, bit 6
91 rch? input data from rcb, bit 7
92 rch8 input data from rcb, bit 8
93 Vdd input power

94 GND input ground

95 rcha output rcb data acknowledge
96 GND input ground

97 Vdd input power

98 ug output up stream grant

99 udg input up stream data, bit 8
100 ud? input up stream ¢ata, bit 7
101 udé input up stream data, bit 6
102 uds input up stream data, bit 5
103 ud4 input up stream data, bit 4
104 ud3 input up stream data, bit 3
105 ud2 input up stream datz, bit 2
106 udl input up stream data, bit 1
107 ud0 input up stream data, bit 0

108 perr output parity error
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