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I/lgm Design Methodology

EKYV Parameters for 1.2V Standard MOST of UMC 65nm technology

Transistor N Transistor P
kp.n=300 pA/V? kpp= 110 pA/V? Vop = 1.2V
n=1.2 n=1.3 Venp = Vss =0V
V1o=04V V1o=04V
Uan=10 V/um Uap=10 V/um
Cox= 13 fF/um? Cox= 13 fF/um?
Cgs,ov = Cad,ov = Cov =0.2 fF/pm Cov =0.2 fF/um

Given the following OTA and its bias circuit:
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OTA with PMOS differential pair and its Bias circuits
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1. Explain the role of the circuits a, b, ¢

- Explain the operation of (a).

The circuit (a) is a start-up circuit that will enable to avoid the degenerated state Iier = 0 of the B-multiplier
(b). In fact, when It is null, Vgss3 equals Vaq and a significant current is injected by S3 into the drain of
M1. This will trigger the positive feedback and set Ivias to its desired study-state value defined by Rs. At the
same time Vgs,s3 decreases and should go blow Vo at the study state to cancel the impact of the start-up
circuit on the B-multiplier operation.

- Explain the operation of (b) and size all its transistors and R to meet the following specifications:
IBias = 10 pA, Ir of M2, M3, M4 is 10 and k = 4.
The circuit (b) is a Beta-multiplier.

. . Ire 2 2
The pMOS mirror impose: Igjqs = kf - %(ng — Rglpigs — VT) = %(Vgl - VT) = Ipias
2

2klg; B12 2klg;
- (Vgl,z - VT) = Bltas = Ipigs = > Bllas — Rglpigs

And thus if (Igj;s # 0) we have:
2 2
Igias = == (Vk—1
Bias Ble ( )

Since we know Ir of M2 we can calculate its (W/L)

M2 (W) Igias 10.107° 5
- | — = = =
L/12  2X My X kpy X Ipy X u2 2% 1.2 X 3001076 X 10 X (26.1073)?
2 2 2
K= [y (Vk-1) = \/300 106210106 1ok
pn (T)l Bias
M4 (W) Igias 10.107° c
- |— = = =
L7y 2xmy X Kpy XIpgxus 2X1,3%x1101076 X 10 X (26.1073)2

M3 - (%)3 — 4 (%)4 — 20

- Ifthe all nMOS transistors of (a) and (b) have the same size, propose a value for R*.

At study-state the transistor S3 should be switched off to don’t disturb the Beta-multiplier. For this, the
following conditions have to be fulfilled at study-state:

Vpp = Vgs(My) — Vr

Iref

Vys(S3) < Vi = Vpp = R¥lpep — Vgs(My) <Vp > R* >

: . . 21 / 2.40.10~6 1.2-0.77-0.4
M1 in strong inversion > V,s(M;) = |- +V, = [=————4+04=077V > R*>—"""",
g8 kpn(%)l 300.1076.2 40.1076

R* > 750 Q
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2. Given the following specifications, size all the transistors of the OTA (b)

The circuit will be designed to meet the following specifications, which will be verified by simulation.

Parameter Unit
Specification
Open-loop N
Gain: Ao ~ 35 dB (56) dB
GBW: feew 25 MHz
Slew rate: SR 20 V/us
Load
Capacitance: CL ! pF
Irs 10
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SizingThe OTA will now be sized. Calculate the following parameters in the proposed order.

Parameter Expression Value Unit Guideline
I, Iy,=S,-C 20 pA
wn
g
m W, Ips Ls=0.5um
Ic 2xnxky,xIpxuj 5 pm
m2 fgpw X2 XM XCy 157 uS GBW
En2 157 | vt
I,
2
I 1 1 1 1.66 Ir =I. is the inversion
71,2 —-—= ] —= . -
’ 1
(n X Uy X &}m1,2> 2 4 Jactor
D12
Conclusion about the operation of m1, m2 MI StrQng or weak
inversion
Wi, Ipi:
B - 2 3 1 -
= Ly, 2xnXk,xIfXuy
(=
g A
=
5| R ° 357 | ke 4,
5 Imi1,2
=
A
Li2 = Rouelp(Ugh + Ug}) 0.7 pm Rous Ls=L>
Wi 22 um
W4 ID4
e 3 2 - Ir=10
L, 2XnXk,XIXug
L, 0.7 um Ly=Ly
w, 1.4 um
m _ 1 2 Im
P 86.6 S T =87
Bm4 Ip  nUr'1+ Jal, + 1 . I
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4. Determine analytically

e the common mode input range CMIR*/ CMIR-

e the output swing

e the poles (dominant and non dominant)
e the phase margin PM

¢ CMRR
Analytical expression Numerical value
A [dB] Ao = ng-Rout 56 (35dB)
f H ! 446k
tom (117 27 R,
Ima
Zﬂ(ng + CgsB + Cgs4 + gm4Routhd )
fnondom [HZ]
Ima
neglect CoxWyly. 2 450 M
(neg 21 (CouWs + 2. (Sl 2 4 W) 4 G Ronc Con Wi )
junction cap >> GBW
86.6 107

Css, Cpa) 2m(4.41071 +2x8.7710715+8.71071%)

o o fepw fesw o
PM [°] 180° — arctan —arctan|\— 90

f dom f non—dom
CMIR+ [V] VDD = VSD,satS - ngl 0.6
CMIR- [V] Vs,min - ngl: V SD,satl + ng3 - ngl: 4UT + 0.6 - VTn 0.3
VsZ -V SD,sat2 :Vin- + ngZ -V SD,sat21 ~ 0.5 +VTp - 4UT
Vourmax [ V] 0.8
(f Vin. = 0.5 V)

Vourmin [V] V D sats 0.2
AVour [V] Vout,max 'Vout,min 04
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