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Outline

 Fundamentals: OTAs and their (mostly)
baseband applications

 OTAs in Microwave Circuits and Systems

e Microwave OTA circuit design

e Conclusion
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Fundamentals
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The basic definition of an OTA

 voltage-in / current-out amplifiers

Iout+ o Iout— — gm (Vin+ _Vin—) learn to

exploit this!
gm — 1:(Itune’VDD)

* Infinite Input resistance

e Infinite output admittance
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OTA configurations

Single-ended Differential input
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Basic OTA applications

using the simplest

i +g possible model......
m1l

© © lin = —1lo
Zin - ]-/gml Lin = 'Uin/iin
= Vin/(—1o)
= ’Um/(—(—gmlvz‘n))

variable resistor _
- ]-/gml
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Basic OTA applications

Vin

Vin Yout
(VY S
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Basic OTA applications

|
I\
C2
_ Ib1
‘gn + Iv2
b ! - Yout
- Om2 * O
J__Q %01
Vout __ dm1 +5C5

vin  S(C14+C2)+9gmi1+9gma
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Basic OTA applications

Uin \ At the outpult,
0 * + U
|—‘ b . o Vy = gmlvinZL (1)
Zin _f Z, and through the feedback path,
_ Uin = ngUoZin

Om2 b Vo = Vin/(9m2Zin) (2)

making egn. (1) = egn. (2),

Impedance inverter Gm1VinZr = Vin/(Gm2Zin)

and solving (3) for Zin yields

Zin = 1/(Z19m19m2) (4)
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Basic OTA applications

Zz"n, — 1/(ZLgmlgm2)

® [ _
| +
Jm2 Om1 Om2
' + | +
|||— — —|||
. . Z,
Differential See reference [1] for more
impedance Inverter L baseband applications of OTAs.
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OTAs In Microwave Circuits
and Systems
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Multi-order QAM circuit

vector scaling vector selection

/ /

Switch Network

Active
Balun
summing
+ node
I —_—
LO
K ‘4t T
ap°
Q { I
For 4-QAM: b,b, _
For 16-QAM:p [ b,b, Aotve
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Multi-order QAM circuit

I1/0 Measured Polar Vector

EQ

Modulation | EVM | Mag Error | Phase Error | Freq Error | DC offset | SNR | Output Power (dBm)

Scheme (%) (%) degree (Hz) (dB) (dB) @pP, =—19%dBm
QPSK 2.33 1.43 1.12 -12.59 -22.13 32.14 -27.99
16-QAM 6.20 440 4.05 -139.96 -26.16 21.23 -21.59

For further details see [2].
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Active quasi-circulator

R,=50 Ohms
{}D
AVpp
Act ; i
clive T
O 1
Balun| R: I: C,
Port 1 - cl,, 180°
(P1) . Port 3
' (P3)
180° l Vss active balun
Port 2 (P3)
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Active quasi-circulator

S21
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Active Quasi-Circulator

Parameter Value

IP1dB -6.4 dBm

1IP3 +1.2 dBm

NF 10.4+0.2 dB
DC power 86 mW

Core size 0.25 sq. mm.
Technology 180 nm CMOS

For further details see [3].
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OTAS In active mixers

—
E
+
v_g
<
AN
A 4

A
M
+

L 4
=
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Variable conversion gain mixer

[
CG = kG727, Load
= (g LM
/7N Switching L
'\m / Core 1o-
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VCG mixer

20 ; ,r 1_ 1
. High Gain Vg =0.8V : X
5 | . Low Gain Vi =0.8V
c o e TR |
< 10+ by
(0
o
Re]
@
o 5+
g
=]
O
D_
e sim Low Gain V| =0.5V
—— e
_5 I 1
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Frequency (Hz) x 10°

Voltage Conversion Gain (dB)

18

o

—
-9
T

[y
]
T

=]

[#+]

ﬂ.lﬁﬁ 0.7
Vet (V)

0.55 0.6

For further details see [4].
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VCG mixer

Parameter

RF frequency input
Conversion gain
Input P1dB

Input IP3
DSB noise figure
DC power

Vdd
Chip core area
CMOS node

(GH2z2)
(dB)
(dBm)

(dBm)
(dB)
(mW)

V)
(sg. mm.)
(nm)

Value

1to 12 GHz
+1.2to +17 dB
-3.7 (max)
-12  (min)
+8.6 (max)
+2.5 (min)
11 (min)
>19 (max)
1.8  (min)
59 (max)
17

0.105

130
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Microwave OTA Circuit Design
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Full CMOS version

Vin+ fout- lout+ Vin- 002
o—e o—e —O . ] -----'Irheoryl
00181 - = =Simulation  {
—— Measurement| |
. 0.016F T B |
I —G.T 2
3 j >< 7 % 0.014
é 0.012 :'-'-."" Bt Sl it et L T
£ oot
—” T T I—
! Ve 8 E 0.008 |
g 0.006 |
| | 0.004 -
T :'l Il Tio 000z |
0 i i } i i i i i ]
1 2 3 4 5 6 7 g8 9 10
vvss VSS V Frequency (GHz)
For further details see [5].
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The feedforward regulated
cascode OTA

DV,
o
VCI | I
v W > <« Ve,
AL—L{':T:% TG:I

—I_ /] A _I_
) (>

3 o—AAN Ve,
B

In the ideal case of a
perfectly balanced circuit:

lot — lo_
G, = fot  to—
Ui — V-
1
Ton + ng,&
= Om3 1 - i
roz T s T 29ms

Rr:.r = 21‘03 + 2'}"05 + 4gm5'r03'r05

For further details see [6-8].
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Frequency response
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How to make a low-noise OTA?

Start with the noise-cancelling method [9]
used in LNAS:

_“: M, =
Vir © o IE M;
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Low-noise OTA (LNTA)

Cross-couple the basic cells to get:

A Vop

M;

Vb°_||: M,
ot o l ”:

Vopa

10 — 12 —l_ I3 = gmzvz'n o gm31’11'11
i =1 Fiy= GV, + (o
o] 1 4 gm]. 1T gm4 1Tt
i~ is
Gy = — = Om,0G T Gm,CS
-;l_,.'fl_ — .
in in

For further details see [10,11].
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The CG-CS palr

Output noise voltages:

s _

Uy — U, = Upy — Upz

— Inl(l — ngZS)ZL

For cancellation:
gm2 = 1/25 = 9m1

O
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Ry Zn,Ro= In,RO
7
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Noise Factor (thermal noise only)

Definition:

SNRy, Jinadded|”

F = —
Si:\rR-wt G:?n,eff |U-n.5'|2

the added noise current is:

|?:'n,added‘2 - |i'n,Gﬂ1 2 + |'i-n,actLoad‘2

‘-in?Gmlg — |?.'n1|2(gmﬂzs - ]-)2 + "i-ndﬁlg

- |";'n1|2(gm2‘zs - 1)2 + 4k‘ITTngm2
4ET

i‘n,actLoad 2 = |"-'.--n.5i!f:'1|2 + "i-n}R(.lQ — 4;;Tf}pgm5 + ?
0
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Noise Factor

the source noise voltage is:

oms = /ART Ry 2t S

Rs + Zin,eff

where, P N rot + 21
el T 1 (Gm1 + Gmb1)7o1
L+ (gm1 + Gmb1)T01 L gmaTo2
Tol + 41 re2 ++21

Gm,eff ~
and substituting...

|2ﬂ,1 Ig(g-m?ﬁ)s - 1)? + T'nm2 + Tp.g-mﬁ + Rﬂ_l
ARTRIN B || Zinets)?Greps BINEBs || Ziness)*Grvers

F=1+

Tndm2 + T'pGmb5 + Ral TnGm2 + 'pGms + Rﬂ_l

F=1+4 : — 144
RSngn,eff [1+f9m1+§m51)%1 L Qm2r02:|2 Rs

2L +rol VAR
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Conclusion

 Fully differential OTAs offer the greatest
versatility and system design possibllities.

« OTASs can be used to implement more
complex microwave circuits while keeping
chip dimensions small.

 Reducing the NF of OTAs continues to be
an active area of investigation.

Noise in Microwave Operational Transconductance Amplifiers WMD Workshop, IMS 2014, 2 June 2014 33



References

1. R. L. Geiger and E. Sanchez-Sinencio, "Active filter design using operational transconductance
amplifiers: a tutorial," IEEE Circuits and Devices Magazine, vol.1, no.2, pp.20,32, March 1985.

2. J. Xu, C. E. Saavedra and G. Chen, "5.4 GHz reconfigurable quadrature amplitude modulator using very high-
speed OTAs," IEEE International Microwave Symposium, pp.1-4, June 2011.

3. You Zheng and C. E. Saavedra, "Active Quasi-Circulator MMIC Using OTAs," IEEE Microwave and Wireless
Components Lett., vol.19, no.4, pp.218-220, April 2009.

4. Jiangtao Xu, C. E. Saavedra and Guican Chen, "A 12 GHz-Bandwidth CMOS Mixer With Variable Conversion
Gain Capability,” IEEE Microwave and Wireless Components Lett., vol.21, no.10, pp.565-567, Oct. 2011.

5. You Zheng and C. E. Saavedra, "Feedforward-Regulated Cascode OTA for Gigahertz Applications,"
IEEE Trans. Circuits and Systems I: Regular Papers, vol.55, no.11, pp.3373-3382, Dec. 2008.

6. You Zheng and C. E. Saavedra, "An Ultra-Compact CMOS Variable Phase Shifter for 2.4-GHz ISM
Applications," IEEE Trans. Microwave Theory and Techniques, vol.56, no.6, pp.1349-1354, June 2008.

7. You Zheng and C. E. Saavedra, "Full 360 Vector-Sum Phase-Shifter for Microwave System Applications,"
IEEE Trans. Circuits and Systems I: Regular Papers, vol.57, no.4, pp.752,758, April 2010.

8. lJiangtao Xu, C. E. Saavedra and Guican Chen, "Wideband microwave OTA with tunable transconductance
using feedforward regulation and an active inductor load," IEEE NEWCAS Conf. pp.93-96, June 2010.

9. F. Bruccoleri, E.A.M. Klumperink, B. Nauta, "Wide-band CMOS low-noise amplifier exploiting thermal noise
canceling," IEEE J. Solid-State Circuits, vol.39, no.2, pp.275,282, Feb. 2004.

10.F. Jiang, "Broadband low-noise CMOS mixers for wireless communications", Master of Applied Science
Thesis, Queen's University, Kingston, Ontario, Canada, 2013.

11.Jiangtao Xu, C. E. Saavedra and Guican Chen, "Noise analysis of the CG-CS low noise transconductance
amplifier," IEEE Int. Conf. Electron Devices and Solid-State Circuits (EDSSC), pp.1-2, Nov. 2011.

Noise in Microwave Operational Transconductance Amplifiers WMD Workshop, IMS 2014, 2 June 2014 34



