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HOW TO DESIGN BIAS CIRCUITS
INDEPENDENT OF V,, AND PROCESS

Toplcs
How process influences circuit performance

Bias voltages independent of Voo (V) and process (P)

« Bias currents independent of Vbp and process minimization
Design procedures

Examples

What will I learn?

« The principles of Vbp (V) and process (P) influence
How to design voltage and current bias circuits that are

independent of voltage and minimize process influence
Dr. Phillip Allen
Prof. Emeritus, ECE, Georgia Tech Version 180419
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Process Influence (P) on Bias Circuits

How does technology vary?
1. Thickness variations in layers (dielectrics and conductors)
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2. Doping variations
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p-well  Diffusion Differences
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3. Process biases - differences between the drawn and actual
dimensions due to etching, lateral diffusion, etc.

r e— Drawn Dimension

4+— Actual Dimension
060225-03
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Process Influence on Bias Circuits

Influence on Circuits:
 Transistors

- MOS: K”and Vrall a function of process
- BJT: B, n, and Is all a function of process

* Resistors
- R a function of process
« Capacitors

- C a function of process
Simulation:

Use worst case model parameters or Monte Carlo to simulate the
influence of process variation on the circuit performance
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Bias Voltages Independent of Vand P

VPTAT:
The familiar VPTAT circuit results in a voltage truly independent of
Vbp and process. 4 VoD
Vbp VoD M2
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Design Procedure for Bias Voltage

Independent of Vand P \VoD
Design Procedure, BP1: N T L
| Step | DesignEquaions | Comments |

1 Select /1 and 2 Puiss=Voo(l1+12) /1l l I

_ Let W1/L1=W>/L2> 1 and choose L1 and L2
Choose Wy/L1= W/l long for good matching and PSRR
Q1 " Q2
3 Choose Ar1 and A2 Current density of emitter X1 xN | +
A R - Vi x In(AEz/AEl) Resistor design, R. Assume Ae2 = 10Ae1 R1 S VPTAT
I —_
Example 1 |2 JT_ 180419-03

Design a VpraT voltage bias assuming Pdiss = 30uW, Vop = 5V and the BJTs have
a current rating of 1yA/pm?2,

1.) 30pW/5V = 6uA. Choose I1 = I2 = 2uA.
2.) Choose W1 = W2 = 50pm and L1 = L2 = 10um.

3.) For 2uA, the emitter area should be 2um2. Choose 10um?2.
4.) R=0.026xIn(10)/2puA=29.93kQ.
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Adjusting the Value of Vi 47
Values of Verar other than V: In(N):

« Normally, the value of VpraT is approximately 60mV depending on
the temperature and the value of N.

« The following technique allows different values of Vprar to be
obtained.

Voo For this circuit to work, R1 and R2 have
w1 ijmz - ma to the same type of resistor so tha_t the
process dependence (P) of the resistor
a L2 I5 cancels out.
| R dv, 1 dR, R, dR
Q1b;(1 <N Q+2 N VBias:iVPTAT% d;as :[Ed_ff_R_:zd_fi] PTAT
R1<VpraT Rz% %VPTAT / Rz[ 1 dR, 1 dR1JV ~ R, v
- Rl R2 dP Rl dP PTAT Rl PTAT

— 180419-04
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Current Bias with Minimum P Influence

Backgate Bias Technique:

Principle — Balance the components determining the current that are
influenced by process so that they oppose each other.

V,
y S I T - AV_, ldr 1 d(AVGS)_ide
_||<_—M4 v R1 T TdP” AV dP R, dP
l where I =1 =I'and AV__=V__ -V__
I2
d(AV ) K, dR,
AV =K +K 2
= R, - NG
T 2
VGs2 -
R1 So that, e = 59 9%, —iﬁ
, . IdP aAv_,JR dP R dP
V10 VGsi + eV 2
180419-05 ss1 >R2 Note that when Riand R2 increase, VGsi increases
- because of Vss1 = I2R2 increases which causes
Experimentally adjust AVGs to increase which opposes the decrease in
split for best results I> due to the increase in R1and R2.
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Design Procedure for Current Bias with
Minimum P Dependence using Backgate Bias

Design Procedure, BP2: y VoD
| Step | DesignEquations | Comments ma i 4
1 Design M1, M2, M3, M4, and R1 Use BV1 design procedure
2 Choose R1 = R2 R is from BV1 design procedure I1l lIZ
2 Experimentally adjust the value of Rz Use worst case or Monte Carlo M1 M2
for best process independence simulation —E||—+4+|
Veaag /GS2 =
. GS1 R
Example 2: ,
1. From Example 1 of Bias Design Independent of Voo, ¥
It = I2 = 2uA, Wi/L1 = 10pm/1pm, W2/L2 = 40um/1pm, | /80
W3/L3 = W4/L4 = ZOIJm/].IJm, and R2 = 11.18kQ. JT— 180420-01

2. R1 = R2 = 11.18kQ.
3. Experimentally adjust the value of R2 for best results (see next slide)

T How to design Bias Currents Independent of Voo
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Design Procedure for Current Bias with
Minimum P Dependence using Backgate Bias

Experimental Adjustment of Ra:

A
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1.7—F | | >
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R1(R2)

As R2 becomes larger, the voltage drop it creates will increase the minimum
power supply voltage at which the bias circuit works properly.
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Current Mirror Gains Dependent on
Process

The previous concept can be used to create current mirrors whose
gain depends on resistance.

lin l l/out

A
£
M1 M2 ((DU
E||+ +|E *qc';
VGs1 Ves2 =
Increases |[— " ¥ + —, Decreases (3
Gain | VsB1 R VsB2:  Gain 2
g >
0 >

R
= 0 180520-01
Note the positive feedback loop (VGs2t— IToutt— VsB1T —VGs1t — VGs21) with a

. R . .
loop gain of LG = % (%) which becomes greater than 1 as R increases.
mi1 ds2

Cannot use R greater than the value which causes the loop gain to become
unity.
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Design Procedure for Current Bias with
Minimum P Dependence

. VoD
Design Procedure BP3: f
m M3 JHE—i ,
PTAT
Design Q1, Q2, M3, M4, and R1 Use BP1 design procedure M4 M5 l
2 LetM5=M4 'l Ve Tuelwr
. Q1|Q2
3 Chose We/Ls = W7/L7 Large WxL for good matchin HH
8 g g 1 _Edo _EI l__,
4 Experimentally adjust the value of R2  Use worst case or Monte Carlo
for best process independence simulation +
] R1<Z Vprar R
Example 3: i
1. From Example 1 of design procedure BP1, L 180520-03

In =12 = 2uA, Ae1= 6.3umx6.3um, Ae2=10 AEl,

W3/L3 = Wa/La = W5/Ls = 50um/5um, and We/Le = W7/L7 = 15um/1.5um.
2. R1 = 60mV/2uA = 30kQ.
3. Experimentally adjust the value of R2 for best results (see next slide)

Bias Circuit Design Independent of VDD and Process © P.E. Allen 2018 Slide 11



Analog IC Design Series AICDesign.org

Ipra7 With Minimum P Influence
Circuit:
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In this circuit (0.35um BiCMOS) the positive feedback loop gain became
greater than unity for the Weak model at 60KQ.

5V

B RIS, X
S SL5ESRERIRELLSLERIELILIRIEKLLLIKKLLLKE
19 R RIS RLLRHIRILRKS

IpTAT (WA) at Vpp
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Summary - Process and Vbbb Independent Design

Voltage and Process Temperature Independent Bias Design:
« Objective of biasing — independence of Vbp, and process

« Simple VpPrAT Circuit

« Reducing process influence for CMOS current bias circuits

« Reducing process influence for IpTaT current bias circuits
« Design procedures — BP1, BP2, and BP3

« Examples
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