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Figure 1. Typical Quad Gigabit Ethernet Application

FEATURES
• 1250 MHz (Gigabit Ethernet) operating rate

-  1/2 Rate Operation

• IEEE 802.3z Gigabit Ethernet Compatible

• Quad Transmitter with phase-locked loop (PLL)
clock synthesis from low speed reference

• Quad Receiver PLL provides clock and data
recovery

• Internally series terminated TTL outputs

• Low-jitter serial PECL interface

• Individual local loopback control

• JTAG 1149.1 Boundary scan on low speed I/O
signals

• Interfaces with coax, twinax, or fiber optics

• Single +3.3V supply, 2.5 W power dissipation

• Compact 23mm x 23mm 208 TBGA package

APPLICATIONS
• Ethernet Backbones

• Workstation

• Frame buffer

• Switched networks

• Data broadcast environments

• Proprietary extended backplanes

GENERAL DESCRIPTION

The S2204 facilitates high-speed serial transmission
of data in a variety of applications including Gigabit
Ethernet, serial backplanes, and proprietary point to
point links. The chip provides four separate trans-
ceivers which can be operated individually for a data
capacity of >4 Gbps.

Each bi-directional channel provides parallel to serial
and serial to parallel conversion, clock generation/
recovery, and framing. The on-chip transmit PLL
synthesizes the high-speed clock from a low-speed
reference. The on-chip quad receive PLL is used for
clock recovery and data re-timing on the four inde-
pendent data inputs. The transmitter and receiver
each support differential PECL-compatible I/O for
copper or fiber optic component interfaces with ex-
cellent signal integrity. Local loopback mode allows
for system diagnostics. The chip requires a 3.3V
power supply and dissipates 2.5 watts.

Figure 1 shows the S2204 and S2004 in a Gigabit
Ethernet application. Figure 2 combines the
S2204 with a crosspoint switch to demonstrate a
serial backplane application. Figure 3 is the input/
output diagram. Figures 4 and 5 show the transmit
and receive block diagrams, respectively.
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Figure 2. Typical Backplane Application
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Figure 3. S2204 Input/Output Diagram

REFCLK

TMODE

RATE
RESET

TCLKO

TXAP/N

TXBP/N

TXCP/N

TXDP/N

RXAP/N

RXBP/N

RXCP/N

RXDP/N

DINA[0:9] 10

DINB[0:9] 10

DINC[0:9] 10

DIND[0:9] 10

TBCA

TBCB

TBCC

TBCD

10

RBC1/0A

10

RBC1/0B

10

RBC1/0C

10

RBC1/0D

DOUTA[0:9]

DOUTB[0:9]

DOUTC[0:9]

DOUTD[0:9]

TESTMODE

CLKSEL

COM_DETA

COM_DETB

COM_DETC

COM_DETD

CMODE
TESTMODE1

LPENA
LPENB
LPENC
LPEND

TRS
TMS
TCK
TDI

TDO



4

QUAD GIGABIT ETHERNET DEVICES2204

October 9, 2000 / Revision E

Figure 4. Transmitter Block Diagram
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Figure 5. Receiver Block Diagram
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TRANSMITTER DESCRIPTION

The transmitter section of the S2204 contains a
single PLL which is used to generate the serial rate
transmit clock for all transmitters. Four channels are
provided with a variety of options regarding input
clocking and loopback. The transmitters operate at
1.250 GHz, 10 or 20 times the reference clock fre-
quency.

Data Input

The S2204 has been designed to simplify the paral-
lel interface data transfer and provides the utmost in
flexibility regarding clocking of parallel data. The
S2204 incorporates a unique FIFO structure on both
the parallel inputs and the parallel outputs which en-
ables the user to provide a “clean” reference source
for the PLL and to accept a separate external clock
which is used exclusively to reliably clock data into
the device.

Data is input to each channel of the S2204 nominally
as a 10 bit wide word. An input FIFO and a clock
input, TBCx, are provided for each channel of the
S2204. The device can operate in two different
modes. The S2204 can be configured to use either
the TBCx (TBC MODE) input or the REFCLK input
(REFCLK MODE). Table 1 provides a summary of
the input modes for the S2204.

Operation in the TBC MODE makes it easier for us-
ers to meet the relatively narrow setup and hold time
window required by the 125 Mbps 10-bit interface.
The TBC signal is used to clock the data into an
internal holding register and the S2204 synchronizes
its internal data flow to insure stable operation. How-
ever, regardless of the clock mode, REFCLK is al-
ways the VCO reference clock. This facilitates the
provision of a clean reference clock resulting in mini-
mum jitter on the serial output. The TBC must be
frequency locked to REFCLK, but may have an arbi-
trary phase relationship. Adjustment of internal tim-
ing of the S2204 is performed during reset. Once
synchronized, the user must insure that the timing of
the TBC signal does not change by more than ± 3 ns
relative to the REFCLK.

Figure 6 demonstrates the flexibility afforded by the
S2204. A low jitter reference is provided directly to
the S2204 at either 1/10 or 1/20 the serial data rate.
This insures minimum jitter in the synthesized clock
used for serial data transmission. A system clock
output at the parallel word rate, TCLKO, is derived
from the PLL and provided to the upstream circuit as
a system clock. The frequency of this output is con-
stant at the parallel word rate, 1/10 the serial data
rate, regardless of whether the reference is provided
at 1/10 or 1/20 the serial data rate. This clock can be
buffered as required without concern about added
delay. There is no phase requirement between
TCLKO and TBCx, which is provided back to the
S2204, other than that they remain within ±3 ns of
the phase relationship established at reset.

The S2204 also supports the traditional REFCLK
clocking found in many Gigabit Ethernet applications
and is illustrated in Figure 7.

Half Rate Operation

The S2204 supports full and 1/2 rate operation for all
modes of operation. When RATE is LOW, the S2204
serial data rate equals the VCO frequency. When
RATE is HIGH, the VCO is divided by 2 before being
provided to the chip. Thus the S2204 can support Gi-
gabit Ethernet and serial backplane functions at both
full and 1/2 the VCO rate. See Table 3.

Parallel to Serial Conversion

The 10-bit parallel data handled by the S2204 device
should be from a DC-balanced encoding scheme, such
as the 8B/10B transmission code, in which information
to be transmitted is encoded, 8 bits at a time, into a 10-
bit transmission character and must be compliant with
IEEE 802.3z Gigabit Ethernet.

The 8B/10B transmission code includes serial encod-
ing and decoding rules, special characters, and error
control. Information is encoded, 8 bits at a time, into a
10 bit transmission character. The characters defined
by this code ensure that short run lengths and enough
transitions are present in the serial bit stream to make
clock recovery possible at the receiver. The encoding
also greatly increases the likelihood of detecting any
single or multiple errors that might occur during the
transmission and reception of data1.

1. A.X. Widner and P.A. Franaszek, "A Byte-Oriented DC Bal-
anced (0,4) 8B/10B Transmission Code," IBM Research Report
RC9391, May 1982.
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Figure 6. DIN Data Clocking with TBC Figure 7. DIN Clocking with REFCLK

Table 1. Input Modes

EDOMT noitarepO

0
atadkcolcotdesuKLCFER.EDOMKLCFER

.slennahcllarofsOFIFotni

1
otniatadkcolcotdesuxCBT.EDOMCBT

.slennahcllarofsOFIF

1. Note that internal synchronization of FIFOs is performed upon
de-assertion of RESET.

REFCLK

S2204

125 MHz or 62.5 MHz

TBCx

DINx[0:9]

REF
OSCILLATOR

MAC
ASIC

TCLKO
PLL

REFCLK

S2204

TBCx

DINx[0:9]

REF
OSCILLATOR

MAC
ASIC

TCLKO
PLL

125 MHz

Table 2 identifies the mapping of the 8B/10B charac-
ters to the data inputs of the S2204. The S2204 will
serialize the parallel data for each channel and will
transmit bit “a” or DIN[0] first.

Frequency Synthesizer (PLL)

The S2204 synthesizes a serial transmit clock from the
reference signal. Upon startup, the S2204 will obtain
phase and frequency lock within 2500 bit times after
the start of receiving reference clock inputs. Reliable
locking of the transmit PLL is assured, but a lock-detect
output in NOT provided.
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Table 2. Data to 8B/10B Alphabetic Representation

etyBataD

]9:0[TUODro]9:0[NID 0 1 2 3 4 5 6 7 8 9

B01/B8 noitatneserpeRciremunahplA a b c d e i f g h j

Table 3. Operating Rates

ETAR LESKLC
KLCFER

ycneuqerF
laireS

etaRtuptuO
OKLCT

ycneuqerF

0 0 zHM521 zHM0521 zHM521

0 1 zHM5.26 zHM0521 zHM521

1 0 zHM5.26 zHM526 zHM5.26

1 1 zHM52.13 zHM526 zHM5.26

Reference Clock Input

The reference clock input must be supplied with a
low-jitter clock source. All reference clocks in a sys-
tem must be within 200 ppm of each other to insure
that the clock recovery units can lock to the serial
data.

The frequency of the reference clock must be either
1/10 the serial data rate, CLKSEL = 0, or 1/20 the
serial data rate, CLKSEL=1. In both cases the fre-
quency of the parallel word rate output, TCLKO, is
constant at 1/10 the serial data rate. See Table 3.

Serial Data Outputs

The S2204 provides LVPECL level serial outputs.
The serial outputs do not require output pulldown
resistors. Outputs are designed to perform optimally
when AC-coupled.

Transmit FIFO Initialization

The transmit FIFO must be initialized after stable
delivery of data and TBC to the parallel interface,
and before entering the normal operational state of
the circuit. FIFO initialization is performed upon the
de-assertion of the RESET signal. TCLKO will oper-
ate normally regardless of the state of RESET.
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RECEIVER DESCRIPTION

Each receiver channel is designed to implement a
Serial Backplane receiver function through the physi-
cal layer. A block diagram showing the basic func-
tion is provided in Figure 5.

Whenever a signal is present, the receiver attempts
to recover the serial clock from the received data
stream. After acquiring bit synchronization, the
S2204 searches the serial bit stream for the occur-
rence of a K28.5 character on which to perform word
synchronization. Once synchronization on both bit
and word boundaries is achieved, the receiver pro-
vides the word-aligned data on its parallel outputs.

Data Input

A differential input receiver is provided for each chan-
nel of the S2204. Each channel has a loopback mode
in which the serial data from the transmitter replaces
external serial data. The loopback function for each
channel is enabled by its respective LPEN input.

The high speed serial inputs to the S2204 are inter-
nally biased to VDD-1.3V. All that is required exter-
nally are AC-coupling and line-to-line differential
termination.

Clock Recovery Function

Clock recovery is performed on the input data
stream for each channel of the S2204. The receiver
PLL has been optimized for the anticipated needs of
Serial Backplane systems. A simple state machine in
the clock recovery macro decides whether to acquire
lock from the serial data input or from the reference
clock. The decision is based upon the frequency and
run length of the serial data inputs. If at any time the
frequency or run length checks are violated, the
state machine forces the VCO to lock to the refer-
ence clock. This allows the VCO to maintain the cor-
rect frequency in the absence of data.

The “lock to reference” frequency criteria ensure that
the S2204 will respond to variations in the serial data
input frequency (compared to the reference fre-
quency). The new Lock State is dependent upon the
current lock state, as shown in Table 4.

The run-length criteria insure that the S2204 will re-
spond appropriately and quickly to a loss of signal.
The run-length checker flags a condition of consecu-
tive ones or zeros across 12 parallel words. Thus
119 or less consecutive ones or zeros does not
cause signal loss, 129 or more causes signal loss,
and 120 - 128 may or may not, depending on how
the data aligns across byte boundaries.

If both the off-frequency detect circuitry test and the
run-length test are satisfied, the CRU will attempt to
lock to the incoming data. It is possible for the run
length test to be satisfied due to noise on the inputs,
even if no signal is present. In this case the receiver
VCO will maintain frequency accuracy to within 100
ppm of the target rate as determined by REFCLK.

In any transfer of PLL control from the serial data to
the reference clock, the RBC1/0x outputs remain
phase continuous and glitch free, assuring the integ-
rity of downstream clocking.

Reference Clock Input

A single reference clock, which serves both transmit-
ter and receiver, must be provided from a low jitter
clock source. The frequency of the received data
stream (divided-by -10 or -20) must be within 200
ppm of the reference clock to insure reliable locking
of the receiver PLL.

Serial to Parallel Conversion

Once bit synchronization has been attained by the
S2204 CRU, the S2204 must synchronize to the 10
bit word boundary. Word synchronization in the
S2204 is accomplished by detecting and aligning to
the 8B/10B K28.5 codeword. The S2204 will detect
and byte-align to either polarity of the K28.5. Each
channel of the S2204 will detect and align to a K28.5
anywhere in the data stream. The presence of a
K28.5 is indicated for each channel by the assertion
of the COM_DETx signal.

kcoLtnerruC
etatS etatS etatS etatS etatS

ycneuqerFLLP
)KLCFER.sv( )KLCFER.sv( )KLCFER.sv( )KLCFER.sv( )KLCFER.sv(

etatSkcoLweN

dekcoL

mpp884< dekcoL

mpp237ot884 denimretednU

mpp237> dekcolnU

dekcolnU

mpp442< dekcoL

mpp663ot442 denimretednU

mpp663> dekcolnU

Table 4. Lock to Reference Frequency Criteria
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edoM EDOMC qerFx0/1CBR

edoMkcolCflaH 0 zHM5.26

edoMkcolClluF 1 zHM521

Table 5. Output Clock Mode (TMODE = 1)

EDOMT
kcolCtupnI

ecruoS
kcolCtuptuO

ecruoS

0 KLCFER ACBT

1 xCBT xCBR

Table 5A. S2204 Data Clocking

Data Output

Data is output on the DOUT[0:9] outputs. The
COM_DET signal is used to indicate the reception of a
valid K28.5 character.

The S2204 TTL outputs are optimized to drive 65Ω
line impedances. Internal source matching provides
good performance on unterminated lines of reason-
able length.

Parallel Output Clock Rate

Two output clock modes are supported, as shown in
Table 5. When CMODE is High, a complementary
TTL clock at the data rate is provided on the RBC1/0x
outputs. Data should be clocked on the rising edge of
RBC1x. When CMODE is Low, a complementary TTL
clock at 1/2 the data rate is provided. Data should be
latched on the rising edge of RBC1x and the rising
edge of RBC0x.

In Gigabit Ethernet applications, multiple consecu-
tive K28.5 characters cannot be generated. How-
ever, for serial backplane applications this can
occur. The S2204 must be able to operate properly
when multiple K28.5 characters are received. After
the first K28.5 is detected and aligned, the RBC1/0x
clock will operate without glitches or loss of cycles.

Receiver Output Clocking

The S2204 parallel output clock source is deter-
mined by the TMODE selection. When REFCLK
clocking is selected (TMODE = Low), the parallel
output clocks (RCxP/N) are sourced from the TCLKA
input. When TCLK clocking is selected (External
Clocking Mode), the parallel output clocks are de-
rived from the recovered clock from each channel.
Table 5A describes the receiver output clocking op-
tions available.

When TCLKA is the output clock source, REFCLK
and TCLKA must equal the parallel word rate
(CLKSEL = Low). Additionally, the recovered clocks
and the clock input on TCLKA must be frequency
locked in order to avoid overflow/underflow of the
internal FIFOs. The propagation delay between
TCLKA and DOUTx, listed in Table 21, shows that
the phase delay between TCLKA and the RCxP/N
outputs may vary more than a bit time based on
process variation.

The recommended clocking configuration for exter-
nal clocking mode (REFCLK input clocking) is shown
in Figure 8. TCLKA is sourced from TCLKO, which is
frequency locked to the Reference clock input.

REFCLK

SerDes

TCLKA

REF
OSCILLATOR

Controller/MAC
ASIC/FPGA

TCLKO
PLL

Parallel Data

RCxP/N

2

Recovered
Clock

Figure 8. External Receiver Clocking
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Figure 9. S2204 Diagnostic Loopback Operation
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Operating Frequency Rate

The S2204 is designed to operate at the Gigabit
Ethernet rate of 1.250 GHz.

Loopback Mode

When loopback mode is enabled, the serial data
from the transmitter is provided to the serial input of
the receiver, as shown in Figure 9. This provides the
ability to perform system diagnostics and off-line
testing of the interface to verify the integrity of the
serial channel. Loopback mode is enabled indepen-
dently for each channel using its respective
loopback-enable input, LPEN.

TEST MODES

The RESET pin is used to initialize the Transmit
FIFOs and must be asserted (LOW) prior to entering
the normal operational state (see section Transmit
FIFO Initialization).

Note: Serial output data remains active during loopback opera-
tion to enable other system tests to be performed.

JTAG TESTING

The JTAG implementation  for the S2204 is compli-
ant with the IEEE1149.1 requirements. JTAG is used
to test the connectivity of the pins on the chip. The
TAP, (Test Access Port),  provides access to the test
logic of the chip. When TRST is asserted the TAP is
initialized. TAP is a state machine that is controlled
by TMS. The test instruction and data are loaded
through TDI on the rising edge of TCK. When TMS is
high the test instruction is loaded into the instruction
register. When TMS is low the test data is loaded
into the data register. TDO changes on the falling

edge of TCK. All input pins, including clocks, that
have boundary scan are observe only. They can be
sampled in either normal operational or test mode.
All output pins that have boundary scan, are observe
and control. They can be sampled as they are driven
out of the chip in normal operational mode, and they
can be driven out of the chip in test mode using the
Extest instruction. Since JTAG testing operates only
on digital signals there are some pins with analog
signals that JTAG does not cover. The JTAG imple-
mentation has the three required instruction, Bypass,
Extest, and Sample/Preload.

Instruction Code

BYPASS 11
EXTEST 00
SAMPLE/PRELOAD 01
ID CODE 10

JTAG Instruction Description:

The BYPASS register contains a single shift-register
stage and is used to provide a minimum-length serial
path between the TDI and TDO pins of a component
when no test operation of that component is re-
quired. This allows more rapid movement of test
data to and from other components on a board that
are required to perform test operations.

The EXTEST instruction allows testing of off-chip cir-
cuitry and board level interconnections. Data would
typically be loaded onto the latched parallel outputs
of boundary-scan shift-register stages using the
SAMPLE/PRELOAD instruction prior to selection of
the EXTEST instruction.

The SAMPLE/PRELOAD instruction allows a snap-
shot of the normal operation of the component to be
taken and examined. It also allows data values to be
loaded onto the latched parallel outputs of the
boundary-scan shift register prior to selection of the
other boundary-scan test instructions.

The following table provides a list of the pins that are
JTAG tested. Each port has a boundary scan regis-
ter (BSR), unless otherwise noted. The following fea-
tures are described:  the JTAG mode of each
register (input, output2, or internal (refers to an inter-
nal package pin)), the direction of the port if it has a
boundary scan register (in or out), and the position
of this register on the scan chain.
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Table 6. JTAG Pin Assignments (Continued)Table 6. JTAG Pin Assignments
4022S

emaNniP
nacS_eroC
emaNtroP

GATJ
edoM

gnituoR
tuOnI

1EDOMTSET cnys tupnI 0 -

EDOMC edomc tupnI 1 -

EDOMTSET kcol_nahc tupnI 2 -

DNEPL dnepl tupnI 3 -

CNEPL cnepl tupnI 4 -

BNEPL bnepl tupnI 5 -

ANEPL anepl tupnI 6 -

LESKLC lesklc tupnI 7 -

EDOMT edomt tupnI 8 -

lanretnI 9 -

TESER teser tupnI 01 -

KLCFER klcfer tupnI 11 -

OKLCT
_klc_timsnart

tuo_fub
2tuptuO - 21

9DNID dnd tupnI 31 -

8DNID dnegk tupnI 41 -

7DNID )7(d_niatadt tupnI 51 -

6DNID )6(d_niatadt tupnI 61 -

5DNID )5(d_niatadt tupnI 71 -

4DNID )4(d_niatadt tupnI 81 -

3DNID )3(d_niatadt tupnI 91 -

2DNID )2(d_niatadt tupnI 02 -

1DNID )1(d_niatadt tupnI 12 -

0DNID )0(d_niatadt tupnI 22 -

DCBT dklct tupnI 32 -

9CNID cnd tupnI 42 -

8CNID cnegk tupnI 52 -

7CNID )7(c_niatadt tupnI 62 -

6CNID )6(c_niatadt tupnI 72 -

5CNID )5(c_niatadt tupnI 82 -

4CNID )4(c_niatadt tupnI 92 -

3CNID )3(c_niatadt tupnI 03 -

2CNID )2(c_niatadt tupnI 13 -

1CNID )1(c_niatadt tupnI 23 -

0CNID )0(c_niatadt tupnI 33 -

CCBT cklct tupnI 43 -

8BNID bnegk tupnI 53 -

9BNID bnd tupnI 63 -

7BNID )7(b_niatadt tupnI 73 -

6BNID )6(b_niatadt tupnI 83 -

5BNID )5(b_niatadt tupnI 93 -

4022S
emaNniP

nacS_eroC
emaNtroP

GATJ
edoM

gnituoR
tuOnI

4BNID )4(b_niatadt tupnI 04 -

3BNID )3(b_niatadt tupnI 14 -

2BNID )2(b_niatadt tupnI 24 -

1BNID )1(b_niatadt tupnI 34 -

0BNID )0(b_niatadt tupnI 44 -

BCBT bklct tupnI 54 -

9ANID and tupnI 64 -

8ANID anegk tupnI 74 -

7ANID )7(a_niatadt tupnI 84 -

6ANID )6(a_niatadt tupnI 94 -

5ANID )5(a_niatadt tupnI 05 -

4ANID )4(a_niatadt tupnI 15 -

3ANID )3(a_niatadt tupnI 25 -

2ANID )2(a_niatadt tupnI 35 -

1ANID )1(a_niatadt tupnI 45 -

0ANID )0(a_niatadt tupnI 55 -

ACBT aklct tupnI 65 -

D1CBR pdcr 2tuptuO - 75

D0CBR ndcr 2tuptuO - 85

7DTUOD )7(d_tuoatadr 2tuptuO - 95

6DTUOD )6(d_tuoatadr 2tuptuO - 06

5DTUOD )5(d_tuoatadr 2tuptuO - 16

4DTUOD )4(d_tuoatadr 2tuptuO - 26

3DTUOD )3(d_tuoatadr 2tuptuO - 36

2DTUOD )2(d_tuoatadr 2tuptuO - 46

1DTUOD )1(d_tuoatadr 2tuptuO - 56

0DTUOD )0(d_tuoatadr 2tuptuO - 66

DTED_MOC d_dfoe 2tuptuO - 76

8DTUOD d_dgalfk 2tuptuO - 86

9DTUOD d_drre 2tuptuO - 96

C1CBR pccr 2tuptuO - 07

C0CBR nccr 2tuptuO - 17

7CTUOD )7(c_tuoatadr 2tuptuO - 27

6CTUOD )6(c_tuoatadr 2tuptuO - 37

5CTUOD )5(c_tuoatadr 2tuptuO - 47

4CTUOD )4(c_tuoatadr 2tuptuO - 57

3CTUOD )3(c_tuoatadr 2tuptuO - 67

2CTUOD )2(c_tuoatadr 2tuptuO - 77

1CTUOD )1(c_tuoatadr 2tuptuO - 87

0CTUOD )0(c_tuoatadr 2tuptuO - 97
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Table 6. JTAG Pin Assignments (Continued) Table 6. JTAG Pin Assignments (Continued)
4022S

emaNniP
nacS_eroC
emaNtroP

GATJ
edoM

gnituoR
tuOnI

9CTUOD c_drre 2tuptuO - 08

CTED_MOC c_dfoe 2tuptuO - 18

8CTUOD c_galfk 2tuptuO - 28

B1CBR pbcr 2tuptuO - 38

B0CBR nbcr 2tuptuO - 48

8BTUOD b_dgalfk 2tuptuO - 58

7BTUOD )7(b_tuoatadr 2tuptuO - 68

6BTUOD )6(b_tuoatadr 2tuptuO - 78

5BTUOD )5(b_tuoatadr 2tuptuO - 88

4BTUOD )4(b_tuoatadr 2tuptuO - 98

3BTUOD )3(b_tuoatadr 2tuptuO - 09

2BTUOD )2(b_tuoatadr 2tuptuO - 19

1BTUOD )1(b_tuoatadr 2tuptuO - 29

0BTUOD )0(b_tuoatadr 2tuptuO - 39

BTED_MOC b_dfoe 2tuptuO - 49

9BTUOD b_drre 2tuptuO - 59

A1CBR pacr 2tuptuO - 69

A0CBR nacr 2tuptuO - 79

9ATUOD a_drre 2tuptuO - 89

7ATUOD )7(a_tuoatadr 2tuptuO - 99

6ATUOD )6(a_tuoatadr 2tuptuO - 001

5ATUOD )5(a_tuoatadr 2tuptuO - 101

4ATUOD )4(a_tuoatadr 2tuptuO - 201

3ATUOD )3(a_tuoatadr 2tuptuO - 301

2ATUOD )2(a_tuoatadr 2tuptuO - 401

1ATUOD )1(a_tuoatadr 2tuptuO - 501

0ATUOD )0(a_tuoatadr 2tuptuO - 601

ATED_MOC a_dfoe 2tuptuO - 701

8ATUOD a_dgalfk 2tuptuO - 801

lanretnI - 901

4022S
emaNniP

nacS_eroC
emaNtroP

GATJ
edoM

gnituoR
tuOnI

sniPlortnoCGATJ
)retsigeRnacSyradnuoBaevahtonodtahtstroP(

KCT kct_gatj - - -

IDT idt_gatj - - -

ODT odt_gatj - - -

SMT smt_gatj - - -

SRT srt_gatj - - -

detseTGATJtonsniP

PAXT - - - -

NAXT - - - -

PBXT - - - -

NBXT - - - -

PCXT - - - -

NCXT - - - -

PDXT - - - -

NDXT - - - -

ETAR - - - -

PAXR - - - -

NAXR - - - -

PBXR - - - -

NBXR - - - -

PCXR - - - -

NCXR - - - -

PDXR - - - -

NDXR - - - -
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emaNniP leveL O/I #niP noitpircseD

9ANID
8ANID
7ANID
6ANID
5ANID
4ANID
3ANID
2ANID
1ANID
0ANID

LTT I 51U
41U
21P
21R
31T
21T
31U
11P
11R
11T

dekcolcsisubsihtnoatadlellaraP.AlennahCrofataDtimsnarT
).1elbaTeeS(.KLCFERroACBTfoegdegnisirehtnoni

ACBT LTT I 21U desusilangissiht,hgiHsiEDOMTnehW.AkcolCetyBtimsnarT
,woLsiEDOMTnehW.4022Sehtotni]9:0[ANIDnoataDkcolcot

.derongisiACBT

9BNID
8BNID
7BNID
6BNID
5BNID
4BNID
3BNID
2BNID
1BNID
0BNID

LTT I 61R
61T
51R
41P
51T
41R
71U
61U
31P
41T

nidekcolcsisubsihtnoatadlellaraP.BlennahCrofetyBtimsnarT
).1elbaTeeS(.KLCFERroBCBTfoegdegnisirehtno

BCBT LTT I 31R desusilangissiht,hgiHsiEDOMTnehW.BkcolCetyBtimsnarT
,woLsiEDOMTnehW.4022Sehtotni]9:0[BNIDnoataDkcolcot

.derongisiBCBT

9CNID
8CNID
7CNID
6CNID
5CNID
4CNID
3CNID
2CNID
1CNID
0CNID

LTT I 71N
71P
51M
61N
41M
71R
61P
51N
71T
41N

nidekcolcsisubsihtnoatadlellaraP.ClennahCrofataDtimsnarT
).1elbaTeeS(.KLCFERroCCBTfoegdegnisirehtno

CCBT LTT I 51P desusilangissiht,hgiHsiEDOMTnehW.CkcolCetyBtimsnarT
,woLsiEDOMTnehW.4022Sehtotni]9:0[CNIDnoataDkcolcot

.derongisiCCBT

Table 7. Transmitter Input Pin Assignment and Descriptions



15

S2204QUAD GIGABIT ETHERNET DEVICE

October 9, 2000 / Revision E

Table 7. Transmitter Signal Descriptions (Continued)

emaNniP leveL O/I #niP noitpircseD

9DNID
8DNID
7DNID
6DNID
5DNID
4DNID
3DNID
2DNID
1DNID
0DNID

LTT I 61J
71K
71L
61K
51K
41K
71M
61L
61M
51L

nidekcolcsisubsihtnoatadlellaraP.DlennahCrofataDtimsnarT
).1elbaTeeS(.KLCFERroDCBTfoegdegnisirehtno

DCBT LTT I 41L desusilangissiht,hgiHsiEDOMTnehW.DkcolCetyBtimsnarT
,woLsiEDOMTnehW.4022Sehtotni]9:0[DNIDnoataDkcolcot

.derongisiDCBT
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Table 9. Mode Control Signals

emaNniP leveL O/I #niP noitpircseD

EDOMTSET LTT I 4E .noitarepolamronrofwoLpeeK.lortnoCedoMtseT

1EDOMTSET LTT I 4D .noitarepolamronrofwoLpeeK.lortnoCedoMtseT

EDOMT LTT I 31B otdesukcolcehtfoecruosehtslortnoC.lortnoCedoMtimsnarT
siEDOMTnehW.4022Sehtmorfdnaotatadtuptuodnatupni
.4022Sehtotni]9:0[xNIDnoatadkcolcotdesusiKLCFER,woL
.ecivedehtfotuo]9:0[xTUODatadlellarapkcolcotdesusiACBT

otniatadkcolcotdesuerastupnixCBTeht,hgiHsiEDOMTnehW
ehtmorfdevirederaskcolctuptuoehT.slennahcevitcepserrieht

.sURCs'reviecer

LESKLC LTT I 21C ehtrofLLPehtserugifnoclangissihT.tupnItceleSKLCFER
KLCFEReht,0=LESKLCnehW.ycneuqerfKLCFERetairporppa
eht,1=LESKLCnehW.etardrowlellarapehtslauqeycneuqerf

.etaratadlellarapeht2/1siycneuqerfKLCFER

KLCFER LTT I 71H ycneuqerfdnaOCVtimsnartehtrofdesusikcolCecnerefeR
oslA.atadlairesreviecerehtmorfderevocerkcolcehtrofkcehc
.edomKLCFERninehwecivedehtotniatadlellarapkcolcotdesu

TESER LTT I 51C decrofsiLLPreviecerehT.tesernidlehsi4022Seht,woLnehW
egdegnisirehtnodezilaitinierasOFIFehT.KLCFERehtotkcolot

.yllamronsetarepo4022Seht,hgiHnehW.TESERfo

ETAR LTT I 21D lauqeetartuptuolairesehthtiwsetarepo4022Seht,woLnehW
ehthtiwsetarepo4022Seht,hgiHnehW.ycneuqerfOCVehtot

.snoitcnufllarof2ybdedividyllanretniOCV

Note: All TTL inputs except REFCLK have internal pull-up networks.

Table 8. Transmitter Output Signals

emaNniP leveL O/I #niP noitpircseD

PAXT
NAXT

.ffiD
LCEPVL

O 71A
71B

.AlennahCrofstuptuolairesdeepshgiH

PBXT
NBXT

.ffiD
LCEPVL

O 71C
71D

.BlennahCrofstuptuolairesdeepshgiH

PCXT
NCXT

.ffiD
LCEPVL

O 71E
61F

.ClennahCrofstuptuolairesdeepshgiH

PDXT
NDXT

.ffiD
LCEPVL

O 71F
71G

.DlennahCrofstuptuolairesdeepshgiH

OKLCT LTT O 41J dedivorpsikcolcsihT.etaratadlellaraPehttakcolCtuptuOLTT
.yrtiucricmaerts-puybesurof
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Table 10. Receiver Output Pin Assignment and Descriptions

emaNniP leveL O/I #niP noitpircseD

9ATUOD
8ATUOD
7ATUOD
6ATUOD
5ATUOD
4ATUOD
3ATUOD
2ATUOD
1ATUOD
0ATUOD

LTT O 1G
3G
1J
3J
2J
1H
2H
3H
1F
2G

dilavsisubsihtnoatadlellaraP.stuptuOataDrevieceRAlennahC
ehtnodilavdnaedomkcolcllufniA1CBRfoegdegnisirehtno

.edomkcolcflahniA0CBRdnaA1CBRhtobfoegdegnisir

ATED_MOC LTT O 2F atahtsetacidnituptuosihtnohgiHA.tceteDammoCAlennahC
atadlellarapehtnotneserpsidnadetcetedneebsah5.82Kdilav

.]9:0[ATUODstuptuo

A1CBR
A0CBR

LTT O 2K
1K

dna]9:0[ATUOD,atadeviecerlellaraP.skcolCetyBevieceR
llufninehwA1CBRfoegdegnisirehtnodilaveraATED_MOC

A0CBRdnaA1CBRhtobfoegdegnisirehtnodilavdnaedomkcolc
.edomkcolcflahni

9BTUOD
8BTUOD
7BTUOD
6BTUOD
5BTUOD
4BTUOD
3BTUOD
2BTUOD
1BTUOD
0BTUOD

LTT O 3K
2P
1R
1P
3M
2N
2M
1N
2L
1M

dilavsisubsihtnoatadlellaraP.stuptuOataDrevieceRBlennahC
ehtnodilavdnaedomkcolcllufniB1CBRfoegdegnisirehtno

.edomkcolcflahniB0CBRdnaB1CBRhtobfoegdegnisir

BTED_MOC LTT O 1L atahtsetacidnituptuosihtnohgiHA.tceteDammoCBlennahC
atadlellarapehtnotneserpsidnadetcetedneebsah5.82Kdilav

.]9:0[BTUODstuptuo

B1CBR
B0CBR

LTT O 1U
1T

dna]9:0[BTUOD,atadeviecerlellaraP.skcolCetyBevieceR
kcolcllufninehwB1CBRfoegdegnisirehtnodilaveraBTED_MOC
flahniB0CBRdnaB1CBRhtobfoegdegnisirehtnodilavdnaedom

.edomkcolc

9CTUOD
8CTUOD
7CTUOD
6CTUOD
5CTUOD
4CTUOD
3CTUOD
2CTUOD
1CTUOD
0CTUOD

LTT O 2T
3P
7R
6R
5T
3U
4T
5R
2U
3T

sisubsihtnoatadlellaraP.stuptuOataDrevieceRClennahC
nodilavdnaedomkcolcllufniC1CBRfoegdegnisirehtnodilav

.edomkcolcflahniC0CBRdnaC1CBRhtobfoegdegnisireht

CTED_MOC LTT O 2R atahtsetacidnituptuosihtnohgiHA.tceteDammoCClennahC
atadlellarapehtnotneserpsidnadetcetedneebsah5.82Kdilav

.]9:0[CTUODstuptuo
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emaNniP leveL O/I #niP noitpircseD

C1CBR
C0CBR

LTT O 5U
4U

dna]9:0[CTUOD,atadeviecerlellaraP.skcolCetyBevieceR
llufninehwC1CBRfoegdegnisirehtnodilaveraCTED_MOC

dnaC1CBRhtobfoegdegnisirehtnodilavdnaedomkcolc
.edomkcolcflahniC0CBR

9DTUOD
8DTUOD
7DTUOD
6DTUOD
5DTUOD
4DTUOD
3DTUOD
2DTUOD
1DTUOD
0DTUOD

LTT O 6T
7T
11U
01R

9U
9R
9T
8U
7U
8T

sisubsihtnoatadlellaraP.stuptuOataDrevieceRDlennahC
nodilavdnaedomkcolcllufniD1CBRfoegdegnisirehtnodilav

.edomkcolcflahniD0CBRdnaD1CBRhtobfoegdegnisireht

DTED_MOC LTT O 6U atahtsetacidnituptuosihtnohgiHA.tceteDammoCDlennahC
atadlellarapehtnotneserpsidnadetcetedneebsah5.82Kdilav

.]9:0[DTUODstuptuo

D1CBR
D0CBR

LTT O 01T
01U

dna]9:0[DTUOD,atadeviecerlellaraP.skcolCetyBevieceR
llufninehwD1CBRfoegdegnisirehtnodilaveraDTED_MOC

dnaD1CBRhtobfoegdegnisirehtnodilavdnaedomkcolc
.edomkcolcflahniD0CBR

Table 10. Receiver Output Pin Assignment and Descriptions (Continued)
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Table 13. Power and Ground Signals

Table 11. Receiver Input Pin Assignment and Descriptions

Table 12. Receiver Control Signals

emaNniP leveL O/I #niP noitpircseD

ANEPL
BNEPL
CNEPL
DNEPL

LTT I 41D
41G
51G
41H

lairesdeepshgihehtsiecruostupni,woLnehW.elbanEkcabpooL
hcaeroftuptuolaireseht,hgiHnehW.lennahchcaeroftupni

.tupnistiotkcabdepoolsilennahc

EDOMC LTT I 2C skcolctuptuolellarapeht,woLnehW.lortnoCedoMkcolC
eht,hgiHnehW.etaratadeht2/1otlauqesietar)x0/1CBR(

.etaratadehtotlauqesietar)x0/1CBR(skcolctuptuolellarap

Note: All TTL inputs except REFCLKhave internal pull-up networks.

emaNniP .ytQ #niP noitpircseD

ADDV 5 ,6A,1A
,61A,31A

8C

.esionwol)DDV(rewoPgolanA

ASSV 5 ,8B,7B
,4C,51B

11D

.)SSV(dnuorGgolanA

DDV 6 ,51A,21A
,6B,4B

9D,6C

.)DDV(yrtiucriCdeepShgiHrofrewoP

SSV
BUSSSV

01 ,7A,4A
,41A,11A
,41B,01B
,5D,31C

8D,6D

.)SSV(yrtiucriCdeepShgiHrofdnuorG

emaNniP leveL O/I #niP noitpircseD

PAXR
NAXR

.ffiD
LCEPVL

I 2A
3A

ehtsiPAXR.AlennahcrofstupnielbitapmocLCEPVLlaitnereffiD
DDVotdesaibyllanretnI.evitagenehtsiNAXR,tupnievitisop

.snoitacilppadelpuocCArofV3.1-

PBXR
NBXR

.ffiD
LCEPVL

I 5A
5B

ehtsiPBXR.BlennahcrofstupnielbitapmocLCEPVLlaitnereffiD
DDVotdesaibyllanretnI.evitagenehtsiNBXR,tupnievitisop

.snoitacilppadelpuocCArofV3.1-

PCXR
NCXR

.ffiD
LCEPVL

I 8A
9A

ehtsiPCXR.ClennahcrofstupnielbitapmocLCEPVLlaitnereffiD
DDVotdesaibyllanretnI.evitagenehtsiNCXR,tupnievitisop

.snoitacilppadelpuocCArofV3.1-

PDXR
NDXR

.ffiD
LCEPVL

I 11B
21B

ehtsiPDXR.DlennahcrofstupnielbitapmocLCEPVLlaitnereffiD
DDVotdesaibyllanretnI.evitagenehtsiNDXR,tupnievitisop

.snoitacilppadelpuocCArofV3.1-
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emaNniP .ytQ #niP noitpircseD

RWPLCEP 4 ,51E,51D
61G,61E

)DDV(rewoPLCEP

DNGLCEP 2 61C
61H

)SSV(dnuorGLCEP

RWPGID 6 ,2B,1B
,71J,3E

9P,4L

)DDV(rewoPyrtiucriCeroC

DNGGID 8 ,3C,1C
,4F,2D
,4N,51J

3R,01P

)SSV(dnuorGyrtiucriCeroC

RWPLTT 8 ,4G,1E
,4K,4H
,5P,3N

8P,7P

)DDV(O/ILTTrofrewoP

DNGLTT 01 ,2E,1D
,4J,3F

4M,3L
,6P,4P

8R,4R

)SSV(O/ILTTrofdnuorG

RWP 2 61B
3D

rewoP

1PAC
2PAC

2 31D
41C

roticapacretlifpoollanretxerofsniP

CN 01 ,5C,9B
,9C,7C
,7D,11C
,41E,61D

51F,41F

.tcennoCtoNoD.sniPtseTsadesU.detcennoCtoN

Table 13. Power and Ground Signals (Continued)
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emaNniP leveL O/I #niP noitpircseD

SMT LTT I 01A .ecivedfognitsetGATJselbanE.tceleSedoMtseT

KCT LTT I 01C .kcolctsetGATJ.kcolCtseT

IDT LTT I 01D .tupniatadGATJ.nIataDtseT

ODT LTT
O

ETATSIRT
51H

ecnadepmihgihebnaC.tuptuoatadGATJ.tuOataDtseT
.dnammocrellortnocGATJrednu

SRT LTT I 3B .enihcametatstsetGATJsteseR.teseRtseT

Table 14. JTAG Test Signals
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Figure 10. S2204 Pinout (Bottom View)

A B C D E F G H J K L M N P R T U

1 ADDV RWPGID DNGGID DNGLTT RWPLTT 1ATUOD 9ATUOD 4ATUOD 7ATUOD A0CBR
_MOC
BTED

0BTUOD 2BTUOD 6BTUOD 7BTUOD B0CBR B1CBR

2 PAXR RWPGID EDOMC DNGGID DNGLTT
_MOC
ATED

0ATUOD 3ATUOD 5ATUOD A1CBR 1BTUOD 3BTUOD 4BTUOD 8BTUOD
_MOC
CTED

9CTUOD 1CTUOD

3 NAXR SRT DNGGID RWP RWPGID DNGLTT 8ATUOD 2ATUOD 6ATUOD 9BTUOD DNGLTT 5BTUOD RWPLTT 8CTUOD DNGGID 0CTUOD 4CTUOD

4 SSV DDV ASSV
TSET
1EDOM

TSET
EDOM

DNGGID RWPLTT RWPLTT DNGLTT RWPLTT RWPGID DNGLTT DNGGID DNGLTT DNGLTT 3CTUOD C0CBR

5 PBXR NBXR CN BUSSSV RWPLTT 2CTUOD 5CTUOD C1CBR

6 ADDV DDV DDV SSV DNGLTT 6CTUOD 9DTUOD
_MOC
DTED

7 BUSSSV ASSV CN CN RWPLTT 7CTUOD 8DTUOD 1DTUOD

8 PCXR ASSV ADDV BUSSSV RWPLTT DNGLTT 0DTUOD 2DTUOD

9 NCXR CN CN DDV RWPGID 4DTUOD 3DTUOD 5DTUOD

01 SMT SSV KCT IDT DNGGID 6DTUOD D1CBR D0CBR

11 SSV PDXR CN ASSV 2ANID 1ANID 0ANID 7DTUOD

21 DDV NDXR LESKLC ETAR 7ANID 6ANID 4ANID ACBT

31 ADDV EDOMT BUSSSV 1PAC 1BNID BCBT 5ANID 3ANID

41 BUSSSV SSV 2PAC ANEPL CN CN BNEPL DNEPL OKLCT 4DNID DCBT 5CNID 0CNID 6BNID 4BNID 0BNID 8ANID

51 DDV ASSV TESER
LCEP

RWP
LCEP

RWP
CN CNEPL ODT DNGGID 5DNID 0DNID 7CNID 2CNID CCBT 7BNID 5BNID 9ANID

61 ADDV RWP DNGLCEP CN
LCEP

RWP
NCXT

LCEP
RWP

DNGLCEP 9DNID 6DNID 2DNID 1DNID 6CNID 3CNID 9BNID 8BNID 2BNID

71 PAXT NAXT PBXT NBXT PCXT PDXT NDXT KLCFER RWPGID 8DNID 7DNID 3DNID 9CNID 8CNID 4CNID 1CNID 3BNID

Note: NC used as test pins. Do Not Connect.
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Figure 11. S2204 Pinout (Top View)

U T R P N M L K J H G F E D C B A

B1CBR B0CBR 7BTUOD 6BTUOD 2BTUOD 0BTUOD
_MOC
BTED

A0CBR 7ATUOD 4ATUOD 9ATUOD 1ATUOD RWPLTT DNGLTT DNGGID RWPGID ADDV 1

1CTUOD 9CTUOD
_MOC
CTED

8BTUOD 4BTUOD 3BTUOD 1BTUOD A1CBR 5ATUOD 3ATUOD 0ATUOD
_MOC
ATED

DNGLTT DNGGID EDOMC RWPGID PAXR 2

4CTUOD 0CTUOD DNGGID 8CTUOD RWPLTT 5BTUOD DNGLTT 9BTUOD 6ATUOD 2ATUOD 8ATUOD DNGLTT RWPGID RWP DNGGID SRT NAXR 3

C0CBR 3CTUOD DNGLTT DNGLTT DNGGID DNGLTT RWPGID RWPLTT DNGLTT RWPLTT RWPLTT DNGGID
TSET
EDOM

TSET
1EDOM

ASSV DDV SSV 4

C1CBR 5CTUOD 2CTUOD RWPLTT BUSSSV CN NBXR PBXR 5

_MOC
DTED

9DTUOD 6CTUOD DNGLTT SSV DDV DDV ADDV 6

1DTUOD 8DTUOD 7CTUOD RWPLTT CN CN ASSV BUSSSV 7

2DTUOD 0DTUOD DNGLTT RWPLTT BUSSSV ADDV ASSV PCXR 8

5DTUOD 3DTUOD 4DTUOD RWPGID DDV CN CN NCXR 9

D0CBR D1CBR 6DTUOD DNGGID IDT KCT SSV SMT 01

7DTUOD 0ANID 1ANID 2ANID ASSV CN PDXR SSV 11

ACBT 4ANID 6ANID 7ANID ETAR LESKLC NDXR DDV 21

3ANID 5ANID BCBT 1BNID 1PAC BUSSSV EDOMT ADDV 31

8ANID 0BNID 4BNID 6BNID 0CNID 5CNID DCBT 4DNID OKLCT DNEPL BNEPL CN CN ANEPL 2PAC SSV BUSSSV 41

9ANID 5BNID 7BNID CCBT 2CNID 7CNID 0DNID 5DNID DNGGID ODT CNEPL CN
LCEP

RWP
LCEP

RWP
TESER ASSV DDV 51

2BNID 8BNID 9BNID 3CNID 6CNID 1DNID 2DNID 6DNID 9DNID DNGLCEP
LCEP

RWP
NCXT

LCEP
RWP

CN DNGLCEP RWP ADDV 61

3BNID 1CNID 4CNID 8CNID 9CNID 3DNID 7DNID 8DNID RWPGID KLCFER NDXT PDXT PCXT NBXT PBXT NAXT PAXT 71

Note: NC used as test pins. Do Not Connect.
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Figure 12. Compact 23mm x 23mm 208 TBGA Package

eciveD Θ )riAllitS(aj Θ cj

4022S W/C˚7.71 W/C˚5.3

Thermal Management
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REFCLK

DINx[0:9]

T 1 T 2

SERIAL DATA OUT

TBCx

DINx[0:9]

T 1 T 2

SERIAL DATA OUT

Figure 13. Transmitter Timing (REFCLK Mode, TMODE = 0)

Table 15. S2204 Transmitter Timing (REFCLK Mode, TMODE = 0)

Figure 14. Transmitter Timing (TBC Mode, TMODE = 1)

Table 16. S2204 Transmitter Timing (TBC Mode, TMODE = 1)

1. All AC measurements are made from the reference voltage levels of the clock (1.4V) to the valid input or output data
levels (.8V or 2.0V).

1. All AC measurements are made from the reference voltage levels of the clock (1.4V) to the valid input or output data
levels (.8V or 2.0V).

sretemaraP noitpircseD niM xaM stinU snoitidnoC

T1 KLCFER.t.r.wputeSataD 5.0 - sn .1etoNeeS

T2 KLCFER.t.r.wdloHataD 5.1 - sn

sretemaraP noitpircseD niM xaM stinU snoitidnoC

T1 CBT.t.r.wputeSataD 0.1 - sn .1etoNeeS

T2 CBT.t.r.wdloHataD 5.0 - sn

dnaxCBTneewtebtfirdesahP
KLCFER

3- 3+ sn
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Table 17. S2204 Receiver Timing (Full and Half Clock Mode)

1. Measurements made from the reference voltage levels of the clock (1.4V) to the valid input or output data levels (.8V or 2.0V).
2. TTL/CMOS AC timing measurements are assumed to have an output load of 10pf.

sretemaraP noitpircseD niM xaM stinU snoitidnoC

T3 x0/1CBR.t.r.wputeSataD 5.2 sn
spbG52.1ta 2,1

1=EDOMT

T4 x0/1CBR.t.r.wdloHataD 5.2 sn 1=EDOMT

T5 x0/1CBR.t.r.wputeSataD 5.2 sn
spbG52.1ta 2,1

1=EDOMT

T6 x0/1CBR.t.r.wdloHataD 5.2 sn 1=EDOMT

T7 esirx0CBRotesirx1CBRmorfemiT 5.7 5.8 sn spbG52.1ta 2,1

T 1R T, 1F semiTllaFdnaesiRx1CBR 4.2 sn .02erugiFeeS.2etoneeS

T 0R T, 0F semiTllaFdnaesiRx0CBR 4.2 sn .02erugiFeeS.2etoneeS

T RD T, FD semiTllaFdnaesiRxTUOD 4.2 sn .91erugiFeeS.2etoneeS

elcyCytuD elcyCytuDx0/1CBR 04 06 % .1etoneeS

sretemaraP noitpircseD niM xaM stinU snoitidnoC

T8

xTUODotACBT
yaleDnoitagaporP

0.3 0.8 sn
ehttaecnaticapacdaolfp01

05hcni3afodne Ω
.enilnoissimsnart

Table 18. S2204 Receiver Timing (External Clock Mode)

1. Measurements made from the reference voltage levels of the clock (1.4V) to the valid input or output data levels (.8V
or 2.0V).
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Figure 16. Receiver Timing (Half Clock Mode, CMODE = 0, TMODE = 1)

Figure 15. Receiver Timing (Full Clock Mode, CMODE = 1)

RBC0x

DOUTx[0:9],
COM_DETx

SERIAL DATA IN

T 3 T 4

RBC1x

RBC0x

DOUTx[0:9],
COM_DETx

SERIAL DATA IN

RBC1x

T 5 T 6

T 7

T 5 T 6

DOUTx[0:9],
COM_DETx

SERIAL DATA IN

T 8

TBCA
(Input)

Figure 17. Receiver Timing (External Clock Mode)
(TBCA to DATA Propagation Delay, TMODE = 0)
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Note: Measurements are made at 1.4V level of clocks.

Table 19. S2204 Transmitter (TCLKO Timing)

Figure 18. TCLKO Timing

REFCLK

T9

TCLKO

sretemaraP noitpircseD niM xaM stinU snoitidnoC

T9 KLCFER.t.r.wOKLCT 0.1 5.6 sn

elcyCytuDOKLCT %54 %55 %
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retemaraP niM pyT xaM stinU

erutarepmeTegarotS 56- 051 C˚

DNGottcepseRhtiwDDVnoegatloV 5.0- 0.5+ V

niPtupnILTTynanoegatloV 5.0- 74.3 V

niPtupnILCEPynanoegatloV 0 DDV V

tnerruCkniStuptuOLTT 8 Am

tnerruCecruoStuptuOLTT 8 Am

tnerruCecruoStuptuOLCEPdeepShgiH 52 Am

ytivitisneSDSE 1 V005revO

retemaraP niM pyT xaM stinU

saiBrednUerutarepmeTtneibmA 0 07 C˚

saiBrednUerutarepmeTnoitcnuJ 031 C˚

ottcepserhtiwniPrewoPynanoegatloV
SSV/DNG

31.3 3.3 74.3 V

niPtupnILTTnoegatloV 0 74.3 V

niPtupnILCEPynanoegatloV
DDV
V2-

DDV V

sretemaraP noitpircseD niM xaM stinU snoitidnoC

TF ecnareloTycneuqerF 001- 001+ mpp

DT 2-1 yrtemmyS 04 06 % .tp%05taelcyCytuD

T RCR T, FCR emiTllaFdnaesiRKLCFER 2 sn .%08-%02

— rettiJ 08 sp
niatniamot,kaeP-ot-kaeP ≥ eye%77

.gninepo

Table 20. Absolute Maximum Ratings

Table 21. Recommended Operating Conditions

Table 22. Reference Clock Requirements

1. Human body model.
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sretemaraP noitpircseD niM pyT xaM stinU snoitidnoC

V HO )LTT(egatloVhgiHtuptuO 4.2 8.2 DDV V Inim=DDV HO Am4-=

V LO )LTT(egatloVwoLtuptuO DNG 520. 5.0 V Inim=DDV LO Am4=

V HI )LTT(egatloVhgiHtupnI 0.2 V

V LI )LTT(egatloVwoLtupnI DNG 8.0 V

I HI )LTT(tnerruChgiHtupnI 04 Aµ V NI xaM=DDV,V4.2=

I LI )LTT(tnerruCwoLtupnI 006 Aµ V NI xaM=DDV,V8.=

DDI tnerruCylppuS 067 089 Am .nrettaP0101

PD noitapissiDrewoP 5.2 4.3 W .nrettaP0101

V FFID

gniwsegatlovtupnilaitnereffid.niM
stupniLCEPlaitnereffidrof

001 0062 Vm .22erugiFeeS

∆V TUO

egatloVtuptuOlaireSlaitnereffiD
gniwS

0041 0062 Vm .12erugiFeeS

C NI ecnaticapaCtupnI 3 fp

Table 25. DC Characteristics

sretemaraP noitpircseD niM pyT xaM stinU stnemmoC

rettiJlatoT rettijlatottuptuOataDlaireS 291 sp .kaeP-ot-kaeP

T JD rettijcitsinimretedtuptuOataDlaireS 08 sp .kaeP-ot-kaeP

T RS T, FS emitllafdnaesirtuptuOataDlaireS 003 sp .%08-%02

sretemaraP noitpircseD niM pyT xaM stinU stnemmoC

T KCOL

)ycneuqerF(
emiTkcoLnoitisiuqcAycneuqerF

)spbG52.1()kcoLfossoL(
571 sµ

elpmasnrettapeldiB01/B8
.putratsecivedmorf,sisab

T JD ecnareloTrettiJtupnIcitsinimreteD 073 sp .z3.208EEEIybdeificepssA

rettiJtupnI
ecnareloT

ecnarelotrettijlatottupnIataDlaireS 995 sp
ybdeificepssa,kaeP-ot-kaeP

.z3.208EEEI

R RS R, FS emitllafdnaesirtupnIataDlaireS 033 sp .%08-%02

Table 23. Serial Data Timing, Transmit Outputs

Table 24. Serial Data Timing, Receive Inputs
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OUTPUT LOAD

The S2204 serial outputs do not require output
pulldown resistors.

ACQUISITION TIME

With the input eye diagram shown in Figure 24, the
S2204 will recover data with a ≤1E-9 BER within the
time specified by TLOCK in Table 24 after an instan-
taneous phase shift of the incoming data.

Figure 22. High Speed Differential Inputs

Figure 19. Serial Input/Output Rise and Fall Time Figure 23. Receiver Input Eye Diagram Jitter Mask

Figure 20. TTL Input/Output Rise and Fall Time

Figure 21. Serial Output Load Figure 24. Acquisition Time Eye Diagram
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Figure 25. Loop Filter Capacitor Connections

CAP1

270Ω

22 nf
CAP2

270Ω

S2204
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