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Recontly-deseribed CMOS serial links nperaie at multiple gigabits/s
simnaling rates over several metera of eable [1,2]. However, these
previous links require large amounts of power and chip area,
making them unsuitable for applications requiring hundreds of 1/Os
perchip, Tha best previously-published power and area above 4Gb/s
in CMOS arc 310mW and 0,6mm? |3]. Integration of a hundred of
these [/Og would burn more than 30W of power and consume 80mm?
of chip area. The 4(il/s transceiver deseribed here dissipates only
90mW and requiros less than 0. 1mm? chip area, This Lransceiver
achieves low-powor and low area using an input-muliiplexed trans-
mitter architecture, a regulated CMOS invertor-based delay-lecked
loap (DLL), and receiver offsct calibration.

The transmitler, shown in Figure 15.8.1, consists of a 41 input
mulliplexer, 4 source-coupled proamplifier, a soureo-coupled eur-
rent driver, and an integral texminalion resistor, The sovies nFET
multiplexer, sequenced by 4 ovenly-spaced clocks goncrated by
transmitler DLL, serializes a four-bit-wide input stream onto the
input of the preamplifier, A pFET clamp on the multiplexer outpot
limits its swing fo 0.6V, and extends its bandwidth beyond the unity-
gain bandwidth of the proeess. The preamplifier provides & 3x
impedance decrease and the oulput stage genorates a balanced
diflerentinl corrent into the line with 20mA peak magnitude. The
transmitter includos a two-lap fnite impulse response (FIR) pre-
emphasis fillor to ovoreome froquoncy-cdependent attenuation of
the transmigsion medium [1,3], The equalizer handles up Lo 10dB
of frequency-dependent attonuation, enough to drive over 10m of
24AWG twisted pair at 4Gbfs. This input-multiplexed Lransmitter
haa twe main advantages compared to the conventional output-
multiplexed designs [1,2]. First, it greatly reduces chip area since
only a single large oulput driver is required. Secend, the elock load
and henee elock buffer area, power, and jitter are greatly reduced.
The clock load of the {ransmitter is GOfF per phase. An output-
multiplexed architecture with eomparable drive requires moro
than 10x this number.

The transceiver uaos a CMOS inverter-haged DLL with a repulated
power supply 28 shown in Figure 15.3.2. In addition to lower power
congumption {no statie current in tho delay line), this DLL offers
lower supply senaitivily of jitter than one using source-coupled
stages due to the repulated supply. The true and complement delay
lines are crogs-couplad with weak invertors to minimize skew. Delay
is controlled by adjusting the supply voltage through the linear
regulator, A sequential phase-only detector is usad to lock the loop
to 180° phiase shift. The 1G1Tz input clock is AC-coupled to center the
carnmon-maodo input to the delay line and avoid phase imbalances,

Thereceiver, shown in Figure 15,3.3, uses the SlrongARM scnse
amplifier [4) with capacitively trimmaed offset voltage, Sorial dala is
demultiplexed diveetly at the reccivorinput with 4 sense amylifiers,
which are sequenced by 4 clock phases generated by reeeiver DLL.
The sense amplifiers are trimmed by placing binary-weighted
pMOS capacitors on the two integrating nodes. Digitally adjusting
the capacitanee while shorting the inputs unbalances the amplifior
to cancel the offsct valtage. Canceling the offset in this manner saves
power by allewing the input amplifiers to use small devices and by
cnabling the link to operate reliably with a low signal swing.
Simulation shows that the capacltors introduce up to £1 20mV offset
in 8mV steps. With bang-bang control, the worst-ease offact aftor
cancellation is 8mV with any untrimmed offsel <120mV. The
simulaled input sensitiviby of the receiver is 0.8mV.

The transceiver uses a 0.25um CMOS icchnology. Figura 15.3.7
shows the chip mierograph. The test chip contains a single link with
oneo DLL cach on the transmitter and receiver side and supporting
test cireaits. Full elock recovary bs not implemented. The active arca
of the transceiver and DLLs is 0.08mm? An additicnal 0.13mm? is
oceupied by the offsct-calibration contrel logie, Operating from 2.5V
supply at 4Gb/8 with a swing of 20mV and bit error rate (BER) well
below 104, the entive link dissipales 88mW withoul pre-emphasis
and 98mW with pre-cmphasia, Figure 15.3,6b shows the power
consumption vs. signal swing of the Lransmitter. Simulation indi-
cates that TmW of this is due to PRBS generator and checker. Figure
16.3.8 sunurarizes measured performance of the tesi ehip.

Figure 15.3.4a shaws the eye disgram for the transmitter sending
a 21 pacudo-random bit sequence (PRBS) at 4Gh/s, no pre-
amphasis, and torminations at both ends of the line, Figare 15.3.4b
shows that the frequency-dependent attenuation of a Im by 7mil
0.50z. stripguide with GETEK diciectric {about 10dB [requency-
dependent attenuation) causes sufficient IS to completely elose the
cye, Enabling pre-emphasis cancels this ISI opening the cye at the
far end of this line as shown in Figure 15,3 4e, Figure 15,3.4d shows
the jilter histogram of the transmitter with quiet supply (16.4ps p-
P, 2ps RMS), and a jitter histogram with a 500mV 1Mllz square
wave superimposed an the supply is shown in Figure 15.3.40 (56.9ps
»-1, 18ps RMS). The measured jitter scnsitivity is 0.08 ps/mV p-p
(simulated sensitivity Lo supply neise with 200ps adge vate is
0.12pa/mV in typical corner).

Tigure 15.3.56 shows the voltage swing vs. timing margin for the
veceiver. The salid line is with offact calibralion and the daghed line
without. The plat shows that the untrimned receiver offsel of the
particular chip Lested is only 20mV, Ilowever, calenlated 36 offset
is B0mYV. Figuro 15.3.5 shows that offsct calibration reduces the
offset to <8mV and adds 40ps of timing margin.

Figure 15,3,6a shews power va, maximum speed for the transmitter
and the DLL with supplies ranging from 2.5V to 2.85V. The
transmitter and DLL operate up to 4.60b/s at 2.5V, and 5.3Gb/z at
2,86V, The recciver, not shown on the plot, is limited to 4Gh/s
hreausce of a speed path in the PRBS checker,
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Process 0.25um CMOS nvrell
Fominal Supply 2.8y
Nax Speed TX: 5.3Ghvs, DLL: 5.3Gbys, Rx, 4Gh/s
Pawer Tx Driver & Test Logk (w/out Eqg.): 20mw
at 2.5V 4Ghss, 20mV Swing Tx Driver & Tast Logic (w/ Eq.): 30mWy

2 DLL; Bim
BER at 4Bh/s, 20mY Swing <f*

Active Area Tx Driver & Test Logle: 160 x 200pm?

OLL: 126 X 2007

R Input Samplers & Test Logic: 250 x 100um?
QG Synthesized Logic: 820 x 160pm?

Min Swing at Gbfs 8mV (for BER <103
Jitker {quigt supply} at 4Gb/s 16805 fp-pl

Jitrer Supply Sensitivity at 4Ghb/s 0.08ps/my
Figure 15.3.8: Performance summary.
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Figure 15.3.1; Transmitter.
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Figurae 15.3.3: Heceiver.
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Figure 16.3.5: Bx timing margin,

200

Rafquiated
Supply

Y i

Suppy-Aeginated .
[yu{ 244D ::l Phase-Oniy B u_b Charge
AC Coupio Lo In\fﬂrlLﬂil:EiIJmay Camparatar 0 Pump

GTlerT

Linaar
Requlalor

! i
! i
i L |
i i
i
] i
! oy |

2ps AMS
16.4ps p-p

CM A

{ely jiter withgu

18ps RMS
T 56.9p5 pp

i v
(13 arfter T PO ot ey

-Gt BRGNS

Parriin *. TN g i i

(e e witlh SHIY i
{ehatier b PUR wh oy () jitter with SHINY supply s

Figure 16.3.4: Iye diagrams & jitter histograms,
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Figure 16.3.6: *ower consumption.

Figure 15.3.7: Sco page 463,
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