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BICMOS vs. CMOS Scalmg
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INVERSE OF LITHOGRAPHIC FEATURE SIZE (um™)

=SiGe HBT is typically 2 generation ahead of CMOS in speed
sMinimum feature size does not generally follow lithography scaling
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Is the SiGe HBT Scalable to a New Generation?
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sScaling to 500 GHz is possible: W.=90 nm, W.=5 nm, W_= 25 nm
oNF,,, improves at 65 GHz and J_, approaches J -

o J - exceeds 50 mA/um? (scales by almost &%)
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Noise Correlation Fundamentals
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Issues Related to Noise Correlation

oJ .- Increases due to correlation

sLarger /. needed to noise match to 50 Q

sNeither trend is captured by commercial
HBT models

_ 300: OO NF,, @5GHz AN 6
*Noise parameter measurements at mm- __ | e-enr,,@ssohz - s
waves are “noisy’ and a physical 7,is & 200 '

S
difficult to extract. % 150¢
: : : 100}
*HBT noise params with correlation can :
50
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100-Ghbls Ethernet Transceiver

should consume less . 15 cp/s 21

100 Gb/s power and cost less than 5 , 15 cp/eit

3W, $250
sy
...... 1.‘.?9.2‘.’(? +10 GE CMOS transceiver dissipates
b 28225 0.8W from 1.2V and costs < $50
S| 40+ Gbis SiGe-HBT ICs too power

100 Mb/s

hungry and 3.3V supply

Ethernet Data Rate

sNeed lower supply logic with fewer

and lower tail currents per gate

1980 1985 1990 _ 1995 _ 2000 _ 2005 2010

Year
—_— ;
E Sorin Voinigescu et al., BCTM-2006, October 10, 2006 U‘f*T 8
P Y0



High-Speed, Low-Power Latch (E. Laskin JSSC-Oct. 06)
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3.3 V to 2.5V and reduced number of tails N
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2.5V, 1.4-W, 80-Gb/sTransrmitter (T.Dickson et al. CSICS-06)
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Measured Results: 80-Gbls

g Fi|E Control  Setup  Measure  Calbrate  Utilities  Help 0B Apr2008 03:37 _

=
Mk Test':| NRZ

. Measure ¢ :

current ML 11 ML M2 | ML total meas
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Y@ Feiamme sooonoi o | @%eomy | YFIR" | Saanians | "IN G )
» Running for more than 1 hour continuously in the lab.

iQ,Jltter 560 fs (rms) , Rise/fall time: 4-5 ps, Amplitude: 300 mV__per side
O} —
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High Unity-Gain-Bandwidth Opamps (S. Voinigescu et al. CSICS-05)
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A

@ Sorin Voinigescu et al., BCTM-2006, October 10, 2006 [ ‘EFT
‘\. "j wﬂk_:a ._%

13




10 x smaller area

OpArmp vs. gm-LC filter

similar power dissipation
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Analog and Digital Equalization at 40 Ghls
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40 Gbls Feed Forward Equalizer (A. Hazneci et al. CSICS-04)

vCC
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score of each gain stage is a
Gilbert cell

stail current of the differential pair
controls the tap weight (GAIN pad)

»SP/N pads control the tap sign
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Amplitude (mV)

40 Gbls over 9-ft SMA cable + 3dB attn.
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1-Tap, 40 Ghbls DFE (A. Garg et al. JSSC Oct.-06)
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40-GS/s T/H Arplifier (S. Shahramian et al. JSSC Oct.-06)
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40-GSs Apllf‘ ier Measurements
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RFIN

40 GS/s, Bandpass A2 ADC Centred at 2-GHz

RZ
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DAC1 L ‘ LJ_I— DAC2

(T. Chalvatzis et al., RFIC-06)
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EE
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DRIVER

__l> our filter for linearity, noise

sBiCMOS cascode ing -LC,

*BiICMOS ECL quantizer and
DACs for speed and metastability
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Marker Trace Typa W oAxie Amplitude )
1 (1) Frag 2.088 GHz ~42.92 dEn
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(On 0ff]
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69-GHz SiGe BiCMOS Receiver (M.Gordon et al. SIRF-06)

57-65 GHz RF vdd 0-5 GHz IF . . . N
RE T TN Gilbert Mixer - oFirst 65-GHz receiver in silicon to
' »> = X) EZ integrate VCO
+ - IF
‘Q »Total power is 540 mW
~
SLNA + Mixer = 80 mW

62-68 GHz LO

+V/CO + Buffer = 360 mW
*/F Amp =100 mW

*Core is 550um x 440um

*Compact passives

*Tight layout important to reduce
parasitics at 65 GHz

o=
E Sorin Voinigescu et al., BCTM-2006, October 10, 2006
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Comparison with State-of-the-Art Receivers

Table 1. Comparison of 60-65 GHz Receivers

Technology 0']13?(';‘1:‘,[(5;5(} ¢ 0.13pm CMOS 0.13pm SiGe BiCMOS 0.09pm CMOS
Frequency 65 GHz 60 GHz 60 GHz 60 GHz
Integration | LNA, mixer, VCO, . LNA, superheterodyne | LNA, mixer, LO and IF
Level IF amplifier LNA, mixer, IF buffer receiver, BB amplifier buffer
Power Gain 24 dB 28 dB [V/V] 40 dB 16 dB
NFwmn 12 dB 12.5 dB 5dB 6 dB
Pias -22 dBm -22.5 dBm -36 dBm -21 dBm
9mW
Paiss 540 mW (excluding IF buffer) 195 mW 60 mW
Isolation - - <-77dB < -90dB
2
Area 0.79x0.74 mm’ 0.4x0.3 mm 3.4x1.7 mm? 0.6x0.48 mm
(core area)
Reference U of T- SiRF06 Razavi ISSCC-05 IBM ISSCC-06 U of T - CSICS-06
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60-GHz Polyphase Filter 740pm
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Trasmitter Image Rejection and LO Leakage

Image Rejection vs. IF Input wel
LO=61GHz; [F=5GHz
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65-GHz Doppler Radar in SiGe BiCMOS (1.vao et al. INS-06)

On-Chip
Patch Antenna

Gilbert Mixer

» IF T
> [F

»sQut™

61-67GHz LO *Out
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Patch
Antenna

N\

Microstrip:
FeedHne:

L ) = '

Vb3 Vb4

Receive Path

61-67GHz LO

e
EF> To Tx
A | )

i 3.3V B R eCI LN :
Lo-| |LO+! L . :

IF Out-

= Amplifier |

Mixer

Bipolar [F amplifier

EVb1°—vw—]w " B j ______________ | for reduced 1/f noise

Noise- and power-matched to
LNa 1 1200 Q differential Z,,, of LNA

out
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Transmit Path

------------------------------------------------- AV
P\
é 2-Stage
LOH . ! |
LO+ LO. ! emitter : :
Ho—— Vdd LO- follower . Out- Out+
L I 1: —-— buffers

. \ ok LO-EWER \/ LO*wuin Vb7 Output Buffer
% ' ToRx | |
E Mixer R LT T e PP !
. On-Chip 65GHz output buffer
Differential CoIp|tts 61 vCo driving 50 loads per
67GHzVCO (shared
with recgve path)

UrsT
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B yiee Outpuig

o Amp 1

Die Photos

1.7mm

e
5F

37|
Mixer ——m

- IF Buficrg |

- -
n.‘

1mm

Total Die Area: 2.5 x 2.5 mn??
Total Transceiver Area (without patch antenna): 1 x 1 mm?
Total Power: 640 mW
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Experimental Results

¢ y Fi

o2 types of system characterizations:

»on-wafer probing of sensor without on-chip antenna

*measurement of full sensor using horn antenna/suspended probe and
padjustable metal reflector

UrsT
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Experimental Results

Mkre 730 MHz
Ref B dBm Atten 16 B -31.54 dBm Mkrl G4.864 42 GHz
o [Marker | Ref -7 dBm Ext Mis o ~5.78 dBn
18 730.000000 MHz rlil':'rm Marker ﬁ-l
dB/ | — oa I
31,04 dbm 7" 164.804420000 GHz I\]
s a8/ + -5.78 dBm
Offst 1
3 I h
T
LAy 2 IIr
i |
53 FS I il It LgAy
A AR || |||||'u||"‘I
f_]:_.l::l: ||||||||||||”||I|I||'||||||||'|'|'|' I| WA l||II 'Ill ““ll"' ini III|||||I |||| [:enter 64-8@6 @@ GHZ Span 5@ MHE
SH;” |||||||||m1||||m ||“||| | l#Res BW 478 kHz YBH 47 kHz #Sweep 1.24 ms (661 pts}l
Center 24,98 GHz Span 58 GHz
#Res BH 910 kHz VEBH 91 kH= Sweep 4741 ms (BBL pts)

sExternally applied RF signal of -48 dBmat . .
64 GHz Single-ended output power of +1.3

. . . dBm (+4.3 dBm differential) measured
=Single-ended down-conversion gain of ,
16.5 dB after de-embedding losses
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Experimental Results
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80-GHz Transceiver Platform for Radio, Imaging &
Radar

*An FMCW Doppler radar = a direct conversion radio by any other name.

Tx ANT

host11e channel
DSP | BBM
/ / III
Rx ANT
BBA LNA

A/D

°|nverse scattering imager = an array of synchronized (or scanned) network analyzers
20 antenna-transceivers can be placed around the tooth, to check for cavities.

transceiver
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100-GHz SiGe-HBT VCO and Static Divider
(S. Nicoson. .n. BCTM-06)
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7594 GHz LNA in (digital) 90-nm CMOS
(S. Nicolson, CSICS-06)

« 2-stage cascode

 Peak gain =4.8 dB (94GHz)
« BW, . >20 GHz

« S,.,S5,<-10dB

e Isolation > 30 dB
1.5 V supply, 22 mA

15
Jo

| 1s

0f 2310

-155 é-15

-20f 5-20

o5t T T2 L e b e b 1 '5-25
65 70 75 80 85 90 95

FREQUENCY (GHz)
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.and in 65-nm LP RF-CMOS (s. Nicolson)
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mm-wave Imaging Beyond the ITRS Horizon of 100 GHz
660Lm

2Arrays of low power mm-wave
transceivers on a die with lumped
components

(Gordon Moore, Electronics 19695)

s|solation between single-chip transceivers Si TX-RX array
and/or antennas: Faraday Cage

At 160 GHz => 1.2mmx0.6mm
waveguide cross-section =

reo 7
:::::
.....
|||||
-----
LR

d
Y
|||||
::::
e

,,,,,
\\\\\\\

0
L%y A
N ‘.

A PRy
,,,,,,,,
|||||
e
““““““““
1111111
-

Y <.
LYY
......
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Sumrnary

sNoise correlation modelling and J - reduction need to be addressed

aSub 90-nm emitters are unavoidable for HBTs with 500 GHz f./f

T "MAX

At and above 40 Gb/s there is no power dissipation advantage for 65-nm MOS-
CML over 1.8-V, 130-nm SiGe BICMOS CML

290/65nm CMQOS is competitive in 60-100 GHz LNAs and receivers

*60-GHz PLL unlikely in 65-nm CMOS. Only multiplier or 2nd. harmonic VCO
approach will work.

2300-GHz, 130-nm SiGe BiCMOS has cost, performance, and robustness edge over
65-nm CMOS in mm-wave applications

g
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Adding 90-nm CMOS to a SiGe HBT has significant impact
on gate speed while allowing operation from <2.5 V

Vee
}
s Vout 12
N I i
_' : \_, 1
Al \ :
T S | . ' \ e—e 90nm (170G HBT) |g
'Pl 'Fl ";_II_ B \ G—© 90nm (230G HBT) ] -
. L = \ —— Bomm(170GHBT)] &
v —— 180nm (160G HBT) |
_ - 46 v
NN, |
_ 14
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FoM [dB]

Comparison of State-of-the-Art SiGe & CMOS VCOs
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