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1. Current sinks/sources de Madrid

»  Current sink

minimum voltage to make igyt
: not dependent of Vgt

liOUt IOUt
+

Vaa '—{ |: Vout
777

\/ Simple designs

Vmin=Vec-Vr  Vout

1
X I'out = = —2 channel

»  Current source Alp
modulation
Voo x Reducing v,,;, (current sink)
and increasing V.,

are required

Tl i

/Jﬂ Vmax=VGG+ |Vth| Vout
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1. Current sinks/sources

»  How to increase the output resistance?

Vaa ’—| — Viec e M,

Vout Vout

Rg Ve e M,

Fout = gmrdsR Fout ® Im2Tds2Vds1
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2. Current mirrors de Madrid

»  Basic structure:

JAN , W/L | M2
Lout = W—Iin Tout = Tds2
lin CD l'out /L |M1
+
|——| Vout »  Acurrent mirror takes the current from one branch
M, | Im, - (I,) and copies it into the other one (iy,)
/Jﬁ considering the size ratio between M, and M.,

>  Error sources in the ratio iout/lin:

. Channel modulation:
Different Vg will suppose different current ratio

el

lout W/L Im2 |1+ AVps,
I;y, B W/L lv1 1+ AVpgq »  Short channel devices - higher error.

Solution? - Increasing r;.




2. Current mirrors

»  Error sources in the ratio i, /l;.:
=  V;variation:
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. Two devices placed close in layout & maximum V- variation of 10 mV.
. Oxide gradients may suppose variations in the pC_, product.

Lout _ W/L M2 . (VGS — Vinz

Iin B W/L |M1 VGS - Vthl

;

= The higher the current |, the lower the error.

= Aspect ratio between the devices in layout:
= ForWandL>10 um - error negligible.

Error term

= Symmetric designs interleaving devices minimize differences in the aspect

ratio.
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2. Current mirrors de Madrid

»  How to increase the output resistance?

Current mirror with cascode: Tout = Tqs2 + Yasa T GmaTdsalds?2

S minimum Vgt to have no dependence
Iin 1) liout between Iout and Vout
—}_|_‘ * fout
M, ] M, :
VOUt |
|
|
Ml M2 - Vminl=VT+2VON Vout

Current mirror with cascode and higher V variation possible:

% minimum Vgt to have no dependence
NOBENO) o between gyt and Vot

+ .
1/4 Iout
", JH—L 10
4

Vout

N | 1/1
r | M, -

/Jﬂ Vmin=2V0N Vout
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2. Current mirrors de Madrid
»  How to increase the output resistance?
Wilson current mirror: o n 1+ 74539m3 + Im1Tas19m3Tas3
out ~ Tds3 Tds2 1+ r
A Im2Tds2
IinC) liout
4
| M3
VOUt r _ rdsz
—— TM2 =
M M - 1+ ImaTds2

Degenerated current mirror: 7oyt = GmaTdas2Ro

" _ Higher output swing because we have one
l"”t/ single device at the output stage.
M, M,
Vout
RO RO
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2. Current mirrors de Madrid

» Regulated current mirror:

A
lin QD lreG ﬁ; l -

4| M, Tout = I9m19Ym3Tds1Vds2ds3

3 ”: M, Tout = gm3(1 + A)rd53rd52
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2. Current mirrors de Madrid

. Degenerated current mirror: 7oyt = 9maTas2Ro

lin li : Higher output swing because we have one
> single device at the output stage.

Tips for current mirror design:

Increasing output resistance r ;.

The higher the current the less error due to VT.

The bigger the devices the less error due to aspect ratio.
Longer L = less error due to channel modulation.

To minimize the error due to VT - multiple W/L aspect ratios.
Symmetric layout designs.

VVVVYVY
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3. Examples of current mirrors de Madrid

I(R1
1.422204V
.include cm osedu_models.txt
vdd
1.422201 \% 100uA
I1

@ Sy

100p

— =
|-=:|—M1 |-=:|-M3
—{N_1u —{N_1u vds

& "

5

.dcvds 0 50.05

Vs = 142V, V7 = 0.8V
V. =Vgy=142-0.8=0.62V

Aprox. 0.6 V

| oua
0.5V 1.0v 1.5V 2.0v 2.5V 30V 3.5V 4.0V 4.5V 5.0V
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3. Examples of current mirrors

550pA

.include cmosedu_models.txt
500pA

wdd
i1
@) §R1 450pA
1

50p

400pA

= —
|'=='-M1 b M3
|_I'|_1u ,_I'I_lu vds
O s
Vi —

300pA

.dcvds 0 50.05i1 10u 500u 10u
250pA

200pA

150pA

The lower the current the lower the
required Vgy o B

soua [/

opAF
0.0v 0.5V 107 1.5V 2.0 2.5V 30V 3.5V 4.0v 4.5V 5.0V
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3. Examples of current mirrors de Madrid

.nclude cmosedu_models.txt

vdd

51 12

ONR OIS

1

50p 50p

Ms " ma
N_smii — — N_%Dn L. vds
V1 —

+ M1 L 5

- N[ 50n —

1 ‘Mz

Eﬂmn

{dcvds 0 10.01

Vgs = 0.4V, Vo = 0.28V Aprox. 0.26 V
V.. =2*Vg, =024V .
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3. Examples of current mirrors de Madrid
Plot Is(m1) and Is(m2)
a
1=100n w—5u> JI:lOOn w=5u
S vop P \5,%'},44 o Error current due to
M2 channel modulation
R1
_ .dcvdd 900m 1.1 65k
.Include cmosedu_models.txt
~

Is[M1) Is(M2)
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3. Examples of current mirrors de Madrid

| =20 pA

ref—
ﬁ

P_1u

I-E:='JV[}[}
Plot Id(M4) Vo
(a]
a = M '_}14 0
I
(] =] ‘l—*ﬂ—
=|_ VDD VDD N_1lu  N_1u
Vbiasp————Vbiasp 1=2u w=10u 1=2u w=10u
5 Fig. 20.15 —— -
M 2
Vbiasn—Vbiasn == ‘ p::}y
N 1u | | N_ll.l
GND | .
%7 I=2u w=10u 1=2u w=10u
.dcVo 150m 5 7 S

.include cmosedu_models.txt

All transistors has the same size, and therefore the same V; and Vpg o2 Vss=Vps sattVr
V3=Ve4=VasstVes12Vps satt2V1> Vpsr=Ves-Vesa=Vos sart V1 (V1 more than needed!l!)

The minimum V, to set M4 in sat is: V, .,n=Vpso+tVps sat=2Vps sat +V1=1.3V
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3. Examples of current mirrors de Madrid

MY | _ _ 1d[M3)

_____________________________________________________________________________________________________________________________________________________

———————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

_________________________________________________________________________________________________________________________________________________________

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

s e e

________________________________________________________________________________________________________________________________________________________

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

-------------------------------------------------------------------------------------------------------------------------------------------------------

We need a minimum voltage of 1.3V!
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3. Examples of current mirrors de Madrid
l~=10 pA All transistors are equally sized
fa a fa
. gI:1I]I]n w=5u gIzll?.ll?.ln w=5u gIzll?.ll?.ln w=5u
Plot Id(M4) Vbiasp1—'p 50n ~ Vbiasp——'p_s0n  Vbiasp——'p_son
=VDD VDD l=VDD
A M5 — MA3 — MA4
S| vop
Vo
I_

1 M wu
8 "—5“%‘ J,_ N_50n 0
> 1=100n w=2.5u J MA : 1=100n w=2.
VDD ‘ Al <= L

N_50n .
Vbiasp—Vbiasp N_50n | _400n w=2.5u
Fig. 20.22 M j;: 100n w=2.pu — 2

Vbiasn—Vbiasn "_Sﬂ"ﬂﬂ:—*\_. "_ N_50n

GND I=100n w=2.5£ I=100n w=2.5u
~7 ~

dcVo 01

.nclude cmosedu_models.txt

Negative feedback
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3. Examples of current mirrors

ld(M4)

--------------------------------------------------------------------------------------------------------------------------------------------------------

__________________________________________________________________________________________________________________________________________________________

R e e e s el s e e il

----------------------------------------------------------------------------------------------------------------------------------------------------------

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

__________________________________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________________________________

-----------------------------------------------------------------------------------------------------------------------------------------------------------

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

__________________________________________________________________________________________________________________________________________________________




4. Switches and active Jniversidad  (c)(DSO)
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resistors de Madrid

»  MOS devices can be used to implement switches

Ohmic region = Saturation region

Ip
V + VaGs,3
GS
- | Point for r,, +—
ID VGs,1

/ Vps

To ensure this operating point > PoInt for fes

IVasl>>|Vpsl

w

. \4 aV, 1
ip = Coxunf(VGs — Vin — %) Vps 2 = =

01 W
D CoxMn I (VGS — Vin — VDS)

~.

Variable Rgy




4. Switches and active Jniversidad  (c)(DSO)

g ucdm | Carloslil
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»  Enhanced version to increase analog dynamic range:

Crre Voo 1
J_ i TonN =

W
Cox Hn TN (VDD - Vth,n - VIN)

y /777 1

r =
CTRL /777 ON,P

w
Coxkp T (ViN = Vinp)

.
Ll




4. Switches and active Jniversidad  (c)(DSO)
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»  Active resistor: connecting the gate to the drain:

V
N N\ Vpp N

i \' . V

_| 0 ’ I_ b 0
/777
I
.y . 1 1
Om Vx JmbVx X eq = ~
177

Non-linearity is mitigated by restricting Vg variations.




5. Reference of currents and
voltages

>

>

Independent of power supply and temperature.
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A VDD
+
VREr This voltage strongly depends on
_I B Vpp = not a good reference.
Vv
/777 A Vop
| | . | RS
How to improve it? - We may use the pn junction of a BJT device:
_+_ —
kT Vpp V \|_
Vegr ® —In— REF
REF g " RI )

Vpp sensitivity less than one.




5. Reference of currents and
voltages
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»  Power-supply independent current reference:

ZFVDD

4 4
i I I I

l Iref
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Press.

Simulations are performed through software LTSPice, provided courtesy of Analog Devices
and authored by Mike Engelhardt.

Spice models of transistors come from http://cmosedu.com/, website maintained by R. Jacob
Baker.
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