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"1 Analog integrated circuit biasing
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Fig 7.1 A large mixed analog-digital integrated circuit emphasizing the role of biasing, references, and regulators

» Bias circuit : generates the dc voltages to keep desired operating point
» Reference circuit : generates fixed absolute values (voltage or current)
» Voltage regulator circuit : improves the quality of a dc voltage or current _

(decreasing the noise)
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2 Biasing Circuit
Basic constant-transconductance circuit

A basic current mirror

VDD VDD

|REF¢R Irer é

lout } lout
Q1 15 @2 Q17:|_|—1——|| Q2
S 1

When V; is swept, Vg varies together. Even though V; is swept, Vg stays
2 Iy is dependent on £ lgyris independent on
supply voltage supply voltage

» How do we generate Iz that is independent on
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erences, and regulators
2 Biasing Circuit
Example

a) Vpp = 5V, unCox = 200 u/V?,Vry = 0.7V, (_)1— 10 & M, Vs, W= O 2

VDD
V., -V
lp =—> R =L = Zluncox( )Ves1 —Vay )?
IREF¢ R= 10k
|
ouT 1 W
} Vast =V + W |:\/2 (VDD Vi )/unCox (T) +1-1
aJ—=—-f @ #Col )R
_[ s-]_ =1.3V

b) VDD — SSV OEI [[H, VGSl A% Ol-o:lal-

Vo, =1.34V

) R 11k Q [[H VGSl HA% —_I'L_é_l'o:lal-

V.., =1.33V
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.2Biasing Circuit
Basic constant-transconductance circuit

Supply Independent Biasing

(neglecting channel-length modulation)

VDD 4 VvDD4 2

T T Ves: =Ves2 +lrer - R Ves = REFW WV
Visa N HCox -~
lba '1“1' o ID‘A“L L
a3 " = Vbizep
2l 2l
‘ REFW +V = REKN +Von +leee 'R
/unCox (Lj /unCox (Lj
Q2 K 2
Q1 :IIV 1\1, - W hiasn '
GS1.2 W, K W, o = 2 - (1 1 Y
IREFl IREFl R Vg4 R?2 uC, |_11 JK
Independent of VDD

C  Igegeis independent from VDD
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ablishing constant transconductance

Basic constant-transconductance circuit

Improved constant-transconductance circuits

253?1._|

25 :||_._||:

Q11

100 ——]

Rs

Fig. 7.6 A bias circuit that gives very predictable and
stable transistor transconductances, especially for

n-channel devices

By cascoding the current mirror

©)
©)

©)
©)

25

25

100

biasn

Current can be made more equal
Sensitivity to VDD can be reduced
% Minimum allowable VDD increases

L Ie 1

Fig. 7.7 A modified bias circuit for giving predictable

and stable transistor transconductances

By amplifier the current mirror

£  Minimum allowable VDD reduce

Ye

Stability issue
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-3 Reference Circuit

Bandgap Voltage Reference Basics

Why we use bandgap reference?

oV o
—BE ~-2mV /K
ol
negative with temp.
L VBE >
- > Constant V,
PTAT Generator
= AVie positive with temp.
Vref :VBEl +VBEZ Fig. 7.9 A simplified circuit of a bandgap voltage reference
Vee PR |
_ V- ‘\/ |-
lc =& =V #\Yt,flnL'E‘J Vit =Vge + KAV,
% negative temp. coefficient £ We can obtain constant voltage
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-3 Reference Circuit
Bandgap Voltage Reference Basics

Positive-Temperature Coefficient Voltage (4Vgg)

VDD
g AVBE :VBEl _VBEZ
0 nl I
e o =V, In—= -V, In2
+ AVge — I ls
o
=V, Inn = k—Tlnn
o ST q
OAVg: K
— 5% = —|nn itive-
1 L » oT q Positive-TC

q=1.6x10"°C, k=1.38x10%J/°K

Ex ) when n=8, Positive-TC Ny
e /' _2_[;71_\_/_/_5_

23 ;
Wy 138300 " g Jo.a7omv /K| = Vi VE,'+KAV

oT 1.6x10™Y° Lo - 'BE
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-3 Reference Circuit
Bandgap Voltage Reference Basics

R, = R,
Reference Volatege (V,) J ﬁ KAV
Ag1=8Ag; L >—‘
V. =V, +KAV. P —
EEZ_ — D = o= o= — — — EI—_ ? rk-F - . Vee,
~Veo + (VBEoz Vea) (M =D==In( °)' KI=— |(2).
|_ ______________ T I_q_ — 1_| R,
Vies AVige =
v, 1 k, J k. T
el = -V, )+K=In(=2)+(M-D)—[In(2)-1 =
o= 1 Weoz Vo) +K ZINCE) + (M= [In(2) 1]
If T=T,
kT kT
VBEOZ q0| ( 1) VGO ( _1)70

kT,| at q=1.6x10"C, k=1.38x10%J/°K
» Viet—o = Voo +(M - 1)7 m=2.3T, = 300K, V,, ~1.206

V., , =124V

T Constant V,
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ablishing constant voltages and currents

Example

Determine the ratio of the current density required to get a AVge=59.5mV at room
temperature (300K).

Temperature 300K — 303K, AV; =59.5mV — AV ?

+ 3,) AV 59.5x10°° -
In| 22 |= - ~ =230
Aer-8he 1 [ ¥ J,) KT/q 1.38x10%x300/1.6.x10

Q P o O Vref

1 J QQ‘L ]

2 1 J; ~2-9.97~10
R, 1

T 303

Ri AV, = AV, -2 =59.5mV x — = 60.1mV

— 1
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, references, and regulators
.3 Reference Circuit

Circuits for Bandgap References

Bipolar Bandgap References

Same current

I 1
1
I i
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1

R: = Ry : 1 i
1 1
1
I i
1 I
1 I
1
i i

Samk voltage (§——3 )
($+ - AEZ
Ac._8A
- EE 3 oVt /. =\ 4\ T

1 Q, ref — VBE2 T VRI

R VRl = IR1R1:2|R2R1
2

R | _VR2 _VBE2 _VBEl _ AVBE
1 R2 - - -

R, R,
V _,(7-\\_'_ Zle\A’\—/-\ \ Constant
Fig. 7.10 A simplified schematic of a bipolar ref —\YBE2/ S ' BE/

bandgap voltage reference ) .
Negative Positive
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-3 Reference Circuit

Circuits for Bandgap References

Case 1) How to get high reference voltages (> 1.26V)

b

________ larger voltage than 1.24V
[
: 1kf'rref R
i < R4 V. =|1+=2|-1.24v
A, =8Ag, . i : 5
Q, I : =
Q, : :
| Rl
R i \ Voltage at this node
: \ J 2R
TETT OV, =V, LAV, 2 1.24V
2
Rl

Fig. 7.11 A bipolar bandgap with output voltages greater than 1.26V
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4 \Voltage regulator
Ripple Voltage

Problem
1) Vpp contains ripple
2) Analog circuit needs the accurate DC voltage

PO > DC rr———— VB

otz S E




! Voltage Regulator

How to eliminate the ripple?

|

Reference

.

Negative
feedback loop

Vieg | wmp Vil b Vieg |

V_ =V

reg ref

» Power Supply Rejection Ratio(PSRR) : how well the noise of v, is

regulated from the noise of vy,

PSRR(w) = —*(w)

Vdd

reg

15




! Small signal analysis

) JEpe—— Y

Vieg/Vag OPEN-lOOP gain, Loop gain, L(S)
g -(R
R +r,) 1+sR.C, (1+ SR1C1)-(1+SCL(RL Hrol))

Vieg/Vaa ClOSed-loop gain,

Y, H
Hclosed (S) = L

< (s) = P __ PSRR ¥
Ve T TrL(s) (@)

16




erences, and regulators

reg/Vdd (PSRR 1)

Transfer function of PSRR1

v H R il
PSRR () = "9 () = __oPen _ H._..(S)E — |- # One pole
(a)) Vdd ( ) 1+L(S) p ( ) [RL+r01J 1+SR|_C|_ p
1 | 1
1+ L(S) 1+ A\/gml(RL ” r'01)

(1+SRC)A+SC (R, [I1,y)
i (L+SRC,)(1+SC (R || 1)
1+ AR, [17,)+SRC, +C, (R [[1,,)+ SRR, [I1,)CC,

Using dominant pole approximation,

Em) — 1, sRCHRUTC] - (RRTT)CC,
“ErAIR ) AR T

b a
1 1+ Agm(RIT,Y)
p onT - = =(1+ R ||r
b " RC,+(R_|1,)C, 1+ A9 (R Fo)) (0 ] @)
E_w - 1 Aty
a_ t2 —

RC, (Rl .
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! Frequency response in PSRR?
Casel) o, <o,

Wpa W Oy @, Wy Wyq Opa O,

|
|
|
0 »f : 0 » f
|
Hopen (S) |
|
AN | N
dBy | dBY \\
0 »f 0 > f
L i
|
1 I
1+L(s)  g4m :
\J 1 dBY
0 > ¢ : 0 >
A== TTTESSNS :
Ho en =, (‘ X I
— P _ - PSRR(w) S I
1+L(s) I
dBY 1 dBY
poor good

P 0, <@y, requires high power consumption in the op-amp to keep low i"ruun
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oltage regulator

Example

The regulator is to be operated with R =1kQ, C,=1nF, C;=10pF. The PMOS

of regulator delivers 5mA of output current. (Each gain of op-amp and PMOS

is 10.)
a. Determine the resistance at output node. (A=0.05)
b. Calculate wy and wp, with 1) R;=100MQ, 2) R;=1000

c. Sketch PSRR(w), 1) R,=100MQ, 2) R,=100Q

T 4 Voo
. V.., o
Reference - vV,

|: Q,

I O

o
i
p =]
=
B
et

o

i
I
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erences, and regulators
oltage regulator

Solution

a. Determine the resistance at output node.

o1 1
° " Al,  0.05x5mA

= 4kQ r, || R, = 4kQ|| 1kQ = 8000

b. Calculate w, and wp, with 1) R;=100MQ, 2) R;=100Q

o, = 1 -1 — =1.25MHz D) o, = 1 _ - 1 — =1kHz
(R_|Ir,)C. 800x10 RC, 10°x10
2) o, = 1 _ . 1 — =1GHz
P RC, 10°x10
c. Sketch PSRR(w), 1) R,=100MQ, 2) R,=100Q
&y =1+ AR o)) (@ I @) 1) @, =101x (1kHz || 1.25MHz) = 100.9kHz,
@y = 0O, + 0, ®,, =1.25MHz + 1kHz = 1.25IMHz

2) @, =101x (IGHz || 1.25MHz) = 126MHz

@, =1.25MHz + 1GHz = 1.00125GHz
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Solution(Cont’d)

c. Sketch PSRR*(w), 1) R;=100MQ, 2) R,=100Q (Contd)

Casel) w,, <w, | Case2) o, <@,
5 Dpa O DpL O i 0 Op D) Dpa W o
Hopen (S) ;
I
N\ I \\
I
dBy I dBY \
0 = 1 o0 > f
Vieq/Vaq ClOsed-loop gain - !
1 :
1+L(s [
) asy | dey
I
I
H I
—2%_ = PSRR () |
1+L(s) |
dsY , dsY
I
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