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Announcements & Agenda

e HW2 due Monday

e Reading
e Razavi Chapter 5

e Biasing In ICs

e Simple Current Mirror

e Transistor Small-Signal Impedances
e Simple Amplifiers

e Other Current Mirror Topologies



Current Source Properties

e Qutput Resistance
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e Finite output resistance degrades current source
accuracy and amplifier gain

e Other important properties:
e Voltage headroom (compliance voltage)
e Accuracy
e Noise




How Should We Bias Our Circuits?

e Resistive Biasing
e Assuming saturation
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|IC Blasing

e In IC design we often assume that we
have one precise current source and we
copy Its value to our circuits
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Simple Current Mirror

That copy circuit Is a current mirror
Simple Current Mirror Vg
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e If VG Is applied to another transistor
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ldeal Current Mirror Example
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e This bias scheme reduces sensitivity to
process, voltage, and temperature variations



CS Amplifier w/ Current Source
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e Need to insure that M3 remains In saturation

Vs :VG _(Vovl +VTn): RGZ dd - 2| 7 +VTn
RGl + RGZ ,U C (Wj
n ™’ ox .




Jose Silva-Martinez

TAMU-ELEN-474 2009

Current Mirrors: Accuracy limitations
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Good solution ==> use cascode structures
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DC Current Mirrors: Second-Order Effects

After good layout: Tolerances in N are in the range of 0.5-2 %. Usually
l o l 'o mismatches are inversely proportional to gate area!
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Mobility degradation
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Error is minimized by using
replicas of the basic device

Intra-die V; mismatches are
Inversely proportional to 1-3um w
gate area!
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Small-Signal Impedance:
Simple Current Source
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Small-Signal Impedance:
“Diode” Load
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Small-Signal Impedance:

Looking Into Source
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Small-Signal Impedance:

Looking Into Source w/ Drain Resistor
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Small signal analysis: Common-source amplifier

Small signal equivalent
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Small signal analysis: Common-drain (source follower) amplifier

Small signal equivalent circuit
V.
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Small signal analysis: Common-gate amplifier (cascode)

Small signal equivalent circuit
I - v+
Vs

© vout
I 1 yvout 1 Om1Vgs | ImbVh . ?
1D l - iﬁ Vr_ 1m1 gs | YmbVbd1 #

Vout _ 9m1 T 9mb +90m
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Impedance seen at Vin and Vout?
Are they relevant?
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Precise Current Mirrors: Cascode structure WN
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évg 777
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l | FUNDAMENTAL PRINCIPLE:
D
2 Error can be reduced if and only A,=A, and
Vbs2=Vpsi
—{ R = Transistors M1 and M2 are used as
Lo M4 X current mirrors
1 D
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+ | > | > V V =V .
Ves M1 F M2 |- 1 GS DS1™ V Ds2
1= =L1=L2 and ID1=1D2==>A1=A2

M1AND M2 ARE ACTING

AS CURRENT MIRRORS =1f M1=M2 then pl=p2, and VT1=VT2
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Output impedance: Cascode structure

Vo

OUTPUT IMPEDANCE
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Notice that most of the AC current re-circulate within the
cascode device and only i, Is extracted from v, !!

Compare g, With g,,!
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Comparison of current sources: output impedance and headroom
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Double Cascode Structure: Advantages and drawbacks!

Small signal output resistance:

V 5
GA—{ Vs Four = gm4(req3l)r04 = gm4(g m3l02103 )ro4
M4 _

VO > VDS 2 + VDSAT 3 + VDSAT 4

Output resistance is increased

Voltage swing is reduced

Parasitic poles could be an issue

Usually this section is more How VG3 and VG4 can be
complex to ensure VDS is generated????

similar in both transistors

M1 and M2




TAMU-ELEN-474 2009 Jose Silva-Martinez

Voltage references (biasing cascode structures)

b o
Lets consider the case: V=V
I l VE{ 2 Ds2™ Y DSAT2
' > Voss »VG3 must be Vg3 tVpsary=VrstVpsarstVpsars
M3 -
I
| . O
+ 2 L
\/ h o gVDSZ Vesg = Vig + \/ — o
Gs1 Ml ...... M2 ...... _ MnCOX WR
- _| -
VR F VDSATR

Increasing L/W by 4, VDSAT
increases by 2

According to (W/L),, the gate dimensions for
MR (W/L)g must be designed

Problem: VTR = VT3 due to body effect
Partial solution: (W/L), > 4(W/L); = 9(WI/L)g
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Improved (self regulated) current source

Lo
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I
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Similar to double cascode

Key issue: Please understand the concept!!
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Other current sources

! l I Wilson Current Source

—ﬂ | i

M3 | | M4 (o = m4(1+AV)("req2")rO4

"req2": 1/ gm2

| |
Wedr—bs we | -
------------ Output resistance similar to cascode
l oy M1, M3 in triode region
M2, M4 are saturated
M4 Fout= 77

Vout,min = ??2?

M3
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Other current sources

l_ Rout W [ ]
o . i p =4C ox Vgs—V1-05Vps |Vps
lp, M1, M3 in triode region P ° L o
M2, M4 are saturated ¢
> M4 L eff
Fis3 =
S M3 1€ ox W[Vgs3 -V ~Vpss |

Fout =9 m4 o4 (rdS3 }5
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Low-Voltage Cascode Current Mirror

- M2 and M4 should be sized Vé Vé
such that ! Ibiai/b P 7
* Ves2 = Vesa Me ] M e
- M1 and M3 biased near edge I R
of saturation M T M,
* Vps1 = Vpss = Vpsar T
° xzsz_l_\z\G/SGZ;_(\\//;S)l'VTl) - Compliance Voltage =V a3 +Visars
e Improved V, generation circuit rm .
e M5 sized such that Vies = Vie, \ 1 [Razav]
e Some body effect error here i | :
e Size M6 and Rb such that Mg Vo | Az
* Vpss = VeseRoli = Vgs1-Vr — M,
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Next Time

e Single-Stage Amplifiers

27
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