Analog IC Design,22022-23
Lecture6
Differential Amplifiers Part-3
By Dr. Sanjay Vidhyadharan
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Basic MOS Differential Pair
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MQOS Differential Pair
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MQOS Differential Pair
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Active Loads
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For passive resistance load Diff Amp we need a larger drain resistor to achieve higher
gain, but more drain resistance means a lower DC bias voltage at the output node.
Passive resistance need large silicon area and has large parasitic capacitance
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MOS Differential Pair with MOS Loads

Vv - = Vv
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Differential pair-with (a) diode-connected and (b) current-source loads.
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MOS Differential Pair with MOS Loads
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MOS Differential Pair with MOS Loads
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I+ 2gm1rfi?5 zgm:’,
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With Diode Load:Vss + Voy—ms + Vrnn—m1 + Vov—m1 < Ve < Voo = Vrnp—m3| + Vegnms
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MOS Differential Pair with MOS Loads

Ay == rollr
Vb. It II: V.diff gmN(oN” OP)
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Common Gain Acpy=

° . 103
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S P
Fias —
L L
With Ryt =Vss + Ves + Vrpn + Voo < Vey < Vpps — RD% +V

With CC Load:VSS + Vov—MS + VThn—Ml + Vov—Ml = VCM < VDD - Vb _lvThp—MS I + VTHn-Ml
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Problems with Current-Source MOS Loads
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In sub-micron technologies it's hard to obtain differential gains higher than 10-20.

Trade-off among output voltage swing, voltage gain , and CM input range
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Problems with Current-Source MOS Loads
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Differential Amplifier with a Current Mirror Load

4+ VDD
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Differential Amplifier with a Current Mirror Load

t VDD
M3__.!I II:M% ¢ R,/2
43 ,lim — Common _GainAcy =- D
lf_[_}l lfﬂz + l’f(zgur)_{_RSS
6[: Mi Mﬁ:IF‘
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+ Is;

VBias = L_'l > c Common Gain Acy= . (8n1/8m3) . Sdss
__-—I-_ = —T— 1+ zgmlrti'iS 2gm3

Vicmax) = Vpp - Vsgs+ Vi

Vic(min) = Vgg +Vpgs(sat) + Vg = Vss +Vpss(sat) + Vi
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Design of Differential Amplifier with a Current Mirror Load

STEP 1 — Find Max and Min DC Bias current from Slew Rate

Slew rate is the rate of change of output voltage of the amplifier due to a step change in
input voltage. It occurs in the extreme case of a branch being open circuited (say MOSFETS
2 and 4).

V
vop Slew Rate(SR) = dotut
Jél q = CrVout

0 “Vout

|/ discharging

4
B k
C arglng dq dVO'Ll,t
lL...=—=0C =SR xC
- mimn dt L dt L
2

c == Power,,qx
I Lnax = v
DD

T

Step In and entire current available in one branch
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Design of Differential Amplifier with a Current Mirror Load

STEP 2 — To find aspect ratios(W/L) of M; and M, from Input Common Mode Range

4+ VDD Vx =2 Ver max- Vrnn
M3 v
l[u_;. lfm Lot K p W 2 ISS
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Design of Differential Amplifier with a Current Mirror Load

STEP 3 — To find aspect ratios(W/L) of M, and M, from Gainand Bandwidth

Gain = gm1(To4ll102) = gmimo
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Design of Differential Amplifier with a Current Mirror Load

STEP 4 — To find aspect ratios(W/L) of Mg

Vy = VCM_min — Vrnn — Vov_Ml

4+ VDD
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Design of Differential Amplifier with a Current Mirror Load
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Gilbert Cell
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Gilbert Cell
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Thankyou
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