Basic Current Mirrors

Voo

R,

* AssumingM1 is in saturation, we can write

5

Voo~ Vin) -

1 W Ip)
Iou R = nCor_
. 2,u oL (Rl + R

* The threshold voltage may vary by 50 to 100 mV
from wafer to wafer
* Both un and V1H exhibit temperature dependence

* We must seek other methods of biasingMOS
current sources.
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Conceptual means of copying currents

Vop
R (V) /4
Reference .
Generator :
’REF@---

V,
BR » Use of a reference to
e generate various currents.
lou _ -1/ E _
copy | 4 t Lowe = flf " Urer)] = IrEF
Circuit
T =  Two identical MOS devices

that have equal gate-source
voltages and operate in
saturation carry equal
currents
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Effect of Channel-Length Modulation

Analog
Circuit
Voo
I ReF fou
| el A4

S
j
=
] |
™~

* Neglecting channel-length modulation, we can write

| LWy
lppr = E/J%(/‘oaj 7 (Vas — V)~
1
_ 1 . W , =
[Out — Eﬂn(/rox (f) (I'IGS—L/TH’)_,
2
WL
/Ly,

out — m REF -

* Allows precise copying of the current with no
dependence on process and temperature
4

Copyright © 2017 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of McGraw-Hill Education.



Sizing issues

w
Top H EHB
View A }- ................. R ]--A
V,
o H EB
Irer AA
Mger Y2/ger  View Gate Qe W /
—/ _Oxide
Weer . 2Wrer Corner pr ﬂ/
— 7 =
Channel
(a) (b) (c)

* Current mirrors usually employ the same length for
all of the transistors.

* Current ratioing is achieved by only scaling the
width of transistors.

* Direct scaling of the width also faces difficulties.

* We thus prefer to employ a “unit” transistor and
create copies by repeating such a device.
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Sizing Issues

« How do we generate a current equal to lgg /2=2 from

| ?
REF -

Series Transistors —%

(a) (b)

* (a) half-width device, and (b) series transistors

* Approach (b) preserves an effective length of
(Ldrawn-2LD) for each unit, yielding an equivalent
length of 2(Ldrawn - 2LD)

* Current mirrors can process signals as well,
example next slide.
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M-:-‘J VDD
| | 7
Vout
R
Vino— M4 -

* Calculate the small-signal voltage gain of the circuit
shown in Figure.

Ip, = Ip

Ips = Ipp(W/L)/(W/L),

e Gainz 91 RL(W/L)3/(W/L),
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Cascode Current Mirrors

Analog 17
Circuit IDI — lﬂ"rLC‘or (1) (Ib% - IYTH )2(1 + /\“:DSI)
Voo 2 L/
L (W , ,
Iner I out Ipy = Eﬂvzcox (f)z (Vas — Vrm)*(1+ \Vpsa2)
| g
L
w |_I M, Ipy _ (W/L)y 14 MVpso
LT m, = Ipt — (W/L)1 1+XVpsi'

* While Vps1 = Vst = Vieszs Vpsz may not equal Veso
* We can (a) force Vbs2 to be equal to Vbsi, or (b) force
VDS1 to be equal to Vbsa.
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First Approach

Analog V, v
Civeiiit DD DD A|_1alo_g
Circuit
P /v/\/\ I rer IrRer — p
V,
bD lout N Iout
FRer Vo o[, M, Mo JP—— % Mo < N |
X Y A~ X‘—I_I Veso *+ Vast XL Y
M, M, M, .|.: N M, _E_I M,
(b) (c)

(a)

* A cascode device can shield a current source,
thereby reducing the voltage variations across it.

 But, how do we ensure that Vbs2 = Vbs1?
* We must generate Vb such that Vb - VGs3 = Vpsi(=

Vesi)
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Example

e « sketch VX and VY as a
RE . Vi Vyg function of IREF. If
woclH—if m, / IREF requires 0.5 V to
X y g operate as a current
M, M, et source, what is its
= . e N maximum value?

Vv = Vx = \/ 2IREF [ pnCox(W/ DJ—" Vrm

Vv = Vaso+ Vasi

215 L L
— \/ f"?F h/(—) (—) w + Vrgo+ Ve
s
. 2IRgF
V _ — V- — V- =05V
DD o Co [\/ ” \/ W ] "THO TH1 =

1 Clon IDD—05V—‘TH0—ITH1

Z (JLIW)o 4+ 1/ (L/W )
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Example

* the minimum allowable voltage

gﬂﬂ Analog at node P is equal to

I

-r loa VN—Vrg = Vgso+ Vas1 — Vru

M)?.:I_I_‘N_I A:?' = (Vaso—Vru)+ (Vast — Vru) + Vi
M, _E||-°—||-_1Mz

* The cascode mirror “wastes”
one threshold voltage in the
headroom.

 Because Vbs2 = VGs2, whereas
Vbs2 could be as low as Vasa-
VTH while maintaining M2 in
saturation.
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Approach summary

5 Voo
P
VDD M lout ?{ IREF IREF
3 % lout= IReEF

M
(D Vess ~ Vrhs 8 +
X | Mo JH N I Vess -~ Vrns
2
+ y -
M
M, Ves2 ~ V2 2 4

X9+
- M1-|:_—I| ¢ Il Vbs2 (=Vas1)

(a) (b)

* In Fig(a), Vb is chosen to allow the lowest possible
value of VP but the output current does not
accurately track Irer.

* In Fig(b), a higher accuracy is achieved, but the
minimum level at P is higher by one threshold
voltage.
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Second Approach

VDD

Vi [ M,
M, I-_:LMZ

* Consider the branch shown in Fig. 5.16(b)
* As a candidate and write Vb = VGss5 + Rele.

Rilgper = VTm

Vi = Vass + (Vast — Vra)
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Small signal Model

* Reduces to 1/gm in the

Vv,
N absence of channel-length
, modulation.
R1 b._l M3 .
* Thus, from a small-signal
M @l M point of view, the

combination is close to a
diode-connected device.

* But

(1) It may be difficult to
guarantee that R,/rer = V7m

(2) The generation of

Vy — IxR : |
otV =Ix. Vi = Vass +(Vas1 = Vem)
IS not straightforward.
Vx  Ri+ro

IX N 1 . gm,'r(_)t
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Generate Vb

* Consider the branch shown in Fig(b) as a candidate
and write Vb = Vess + Rel6.

* V/gs5 = VGS3

* However, the condition 7sls = Vasi—Vru = Vo - Rilrer 1S hard
to meet.
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Generate Vb

@ ®) ©
Vass = Vass
Vase — Rele = Vasi — Vrm

= Vas1 — Rilger

* It is now possible to ensure that Vese and Vesi track
each other.

* For example, we may simply choose lé = IREF , Ré =
R1, and (W/L)6 = (W=/L)1
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Another circuit topology

(a) (b)

* In this case

Vos1 = Vi — Vaso

e Must have Vi — Vrao < Vx (= Vast) for MO to be saturated
andVos — Ve < Vi (=V, - Ve for M1 to be saturated.

* A solution exists if Vaso + (Vasi — Vrai) < Vasi + Vrmo

* We must therefore sizeMO0 to ensure its overdrive is
well below VTHI. 18

Copyright © 2017 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of McGraw-Hill Education.



