/—Grjrrent Mirrors (5/11/00)

CURRENT MIRRORS
INTRODUCTION

Objective
The objective of this presentation is:

1.) Introduce and characterize the current mirrors

2.) Show how to improve the performance of the current mirrors
3.) Demonstrate the design of current mirrors

QOutline

* Simple MOS current mirrors

Simple BJT current mirrors

Cascode current mirrors

Wilson current mirrors

Regulated-cascode current mirrors

e Summary
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SIMPLE MOS CURRENT MIRRORS

Characterization of Current Mirrors

arc:

* Input resistance is zero

 Output resistance is infinity

Graphically:
lin | out
— «—
+0—— —o+
: Current

-o— Mirror |—o

Therefore, we will focuson R, ., R

out> “Min>

* Output current linearly related to the input current, i

A

out  “*itin

»in »lin

* Vyn(in) is the range of input voltage over which the input resistance is not small

s Vyn(out) is the range of the output voltage over which the output resistance is not large
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A current mirror is basically nothing more than a current amplifier. The ideal characteristics of a current amplifier

In addition, we have the characteristic V) which applies not only to the output but also the input.

»Vout

\EeE 4430 - Analog Integrated Circuits and Systems

Vin GN)

VmiN (out)

Input Characteristics Transfer Characteristics Output Characteristics

Fig. 4.4-1

Vign(out), Vi gn(in), and A4; to characterize the current mirror.
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Simple MOS Current Mirror

Assume that v¢) > v - Vo, then

io (LiWa(Ves VP 1+ Avpss (Ky
ir \WiLy|Vos V|| 1+ Avps | K1

If the transistors are matched, then K|’ = K5’ and V| = Vo to give,

i_O_ L1W2 1 +A,VD52
ir \Wily |1+ Avpgy
IfVDSl = VDSZ’ then

io (L1
ip WL,y

Therefore the sources of error are 1.) vpg1# vpso and 2.) M1 and M2 are not matched.

\E€E 4430 - Analog Integrated Circuits and Systems © P.E. Allen, 2009—)
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Influence of the Channel Modulation Parameter, A

iO 1+ )“VDSz
iI B 1+ )“VDSI

Ratio error (%) versus drain voltage difference:

If the transistors are matched and the W/L ratios are equal, then

Note that one could use this effect to measure A.

Vpg ™ Vpg (VOIts)

80 _ 2= 0.02
5 |
g 70 Ratio Erfor vy, - Vpg (VOlts)
= ]
X 60 _1 r= 0.015
A ]
| ]
" 50
D’ .
>D >D ]
<R 40 A= 0.01
+ |+ ]
— | ]
(S 3.0 R
5 ]
| ]
o 20
® i
e 1
1.0 _] _
. Vpg = 2.0 volt
O'O \\\\I\\\\I\\\\I\\\\I\\\\I\\\\I\\\\I\\\\I\\\\I\\\\
0.0 1.0 2.0 3.0 4.0

assuming that the channel modulation parameter is the same for both transistors (L; = L,).

Fig. 4.4-3

Measure V1,V pso, i and i and solve the above equation for the channel modulation parameter, A.

\E€E 4430 - Analog Integrated Circuits and Systems
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Influence of Mismatched Transistors

Assume that vg; = vp¢ and that Ky’ # K5’ and V| # V. Therefore we have
io Ky(vgs- V)
ir Ky '(vgs- V)
How do you analyze the mismatch? Use plus and minus worst case approach. Define
AK’=K’5 - K’y K'=0.5(Ky" +K;) AVr=Vrm-Vp and Vg =0.5(Vr+Vp).
K;’=K’-0.54K" Ky’ =K'+ 0.54K’ Vi =Vp-054AVy and Vi =ViH0.5AV

Substituting these terms into the above equation gives,

AK’ AV
+511 -
ip (K+0.5AK)(vig- Vy-0.54V7)2 ok 2vgsV7)
i (K0.5A0K)(ves- Vp+ 054V 2 [ AK’II AVp T

Lk 2065 )

Assuming that the terms added to or subtracted from “1” are smaller than unity gives

i0 AK’Y . AK’ AVp AV i

i A (1 toK 1+ 2K,Il 2ves VT)]TI “20ves V) Uses the approximation 1/(1+¢) = 1-¢
Retaining only first order products gives

io AR 2AV7

o A 1 + » =

i K (vgs V)

Assume AK/K’ = £5% and AV /(vs-V7) = £10%.

W iplip=1£0.05£(-0.20) = 1 £ (0.25) =  £15% error in gain if tolerances are correlated.

\E€E 4430 - Analog Integrated Circuits and Systems © P.E. Allen, 2009—/
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Ilustration of the Offset Voltage Error Influence
Assume that V;p; = 0.7V and K'W/L = 110pA/V2.

16.0 ] h = TuA
R 14.0 ]
> ]
=3 ]
S 12.0
X ]
| — :
- 100 - i, = 3uA
_O —_ :
1 80 .
] =5pA
S § e
U‘oi 60
2 E i, = 10uA
0: ]
40
20 4 i, = 100pA
0'0 \\\\I\\\\I\\\\I\\\\I\\\\I\\\\I\\\\I\\\\I\\\\I\\\\I

00 10 20 30 40 50 60 70 80 90 10
AV (MV) Fig. 4.4-4

Key: Make the part of V¢ that causes the current to flow, V', more significant than V.
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Influence of Error in Aspect Ratio of the Transistors

Example 1 - Aspect Ratio Errors in Current Mirrors

Figure 4.4-4 shows the layout of a one-to-four current amplifier. Assume that the lengths are identical (L; = L,)
and find the ratio error if W; =5 £ 0.1 um. The actual widths of the two transistors are

Wi=5%£0.1 um andW, =20=£0.1 um
Solution

We note that the tolerance is not multiplied by the nominal gain factor of 4. The ratio of W, to W; and
consequently the gain of the current amplifier is

0.1

. 1+

io W2 20+0.1 20 0.1Y. 0.1 0. £0.4)

T ROt R IO *4(“2011' 5 J”(lizo' 20 )_4'(i0'06)
5

where we have assumed that the variations would both have the same sign (correlated). It is seen that this ratio
error is 1.5% of the desired current ratio or gain.

M2 T M1
I
\‘I E ®E E ®E E ®E =N - I‘\ . e | .

47 Fig. 4.4-5

o]
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Influence of Error in Aspect Ratio of the Transistors-Continued

Example 2 - Reduction of the Aspect Ratio Errors in Current Mirrors

specifications of the previous example.
Solutions
The actual widths of M1 and M2 are

Wi=5%£0.1 um and W, =4(5x0.1) um

independent of layout error.

io 45£0.1)
i[_ 5+£0.1

\EeE 4430 - Analog Integrated Circuits and Systems

Use the layout technique illustrated in Fig. 4.4-5 and calculate the ratio error of a current amplifier having the

The ratio of W, to W; and consequently the current gain is given below and is for all practical purposes

Page 8 —\

€7 Fig. 4.4-6
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Summary of the Simple MOS Current Mirror/Amplifier

Principle:

i|l VT

- +
wiies

- VT+Von

VON:||74—||__,

=

. s 1
Output resistance 1s R, = U
D

. . 1
Input resistance 1s R;,, =
m

Okay, but could be reduced to V-

M2

\E€E 4430 - Analog Integrated Circuits and Systems

¢ Minimum input voltage is V), n(in) = Vyt+Von

2

Will deal with later in low voltage op amps.

* Minimum output voltage 1s Vn(out) = Von

Current gain accuracy is poor because Vg # Vpso

VbD

3 M4
- l'o
VT +
‘M1 M2,
I+ It
VT+VoN I
-4 Fig. 4.4-7

Page 9 —\
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SIMPLE BJT CURRENT MIRRORS
Characterization of a Simple BJT Current Mirror

i) :liC2=i2

ic1l |

1Bl Ig2

Q1 ‘_+2KQ2
VBE
-4 CM10

» Va2

r

out "02 I

R B

mogm a

Vynout) = vog(sat) = 0.2V
Vygn(in) = Vgp = 0.6 t0 0.7V

and

I
A=

; if the transistors are matched and B = co.

Sz
sl

\EeE 4430 - Analog Integrated Circuits and Systems © P.E. Allen, 2009—)
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Simple BJT Current Mirror Matching

Circuit:

'lic2=i2

+

Y, I8y ig2
_ 1 2VCE2 =V
vegr = v @ +—KQ CE2=V2

VBE -

£

CM11

Now,

il_{l

veer | I
+ — lexp(vp/V,) + i
VAII“FIJ p(vge/Vy) *ip)

Finally,

1)
. 1+ —=
i Vao

\E€E 4430 - Analog Integrated Circuits and Systems

i e v | I . l-op H"z}‘
Vai | o 0723 Vo [$2

Page 11

. _a
h=icytigtipp Tip tipp =,

+iB2
F1

, VCE1
Ic1 = (1 % 11 }sl exp(vpp/Vy)

and

, , VCE2
I == [1 + E}sz exp(vpg/V7)

ico I |logm] ]
and ipy = = = 1+ I, exp(vepi/V,
B2 B Bm |: 0 :I: V4o 2 exp(vpe/Vy)

v | I l-ap | v }‘
i1=31+ + 1+ exp(vepi/V,
1 { VAII“FIJ [ 0y Vo |52 p(vge/ V)

© P.E. Allen, 2009—)
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Simple BJT Current Mirror Matching - Continued

Using a Taylor series expansion and ignoring the second-order terms, we have

[ Is2
g R W 1 ) (1- ap)
Var™ Vaz oy O |2

For large Br (o= 1):

i_2 I

1 = Vi %)
L2
Va1 Vi |51

Again using Taylor-series expansion:
D [1_211 I &J
VA Vai Va2
LetAly=1Ip -1 and I =[] = [
l:—z =~ [1+AISII- 1 + Vz]
i I Var Vaz

Al
For vi = Vg =0.7V,v2 =5V, >=0.02, V4 =50

N

) o . .
E = 1.11 > 11% error due primarily to mismatch in Roys (v) and v)

\E€E 4430 - Analog Integrated Circuits and Systems
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Geometrical Influence on BJT Matching

If everything is ideal (ﬁF = oo and VCE] = VCE2)9 the

matching of the currents is determined by the matching of the

saturation currents, /., which is given as

7 = qnian A= qnian
S NW(Vep) "E Qp(Vep)

Ag

the emitter areas are matched.

Metal 2
Metal 1

Therefore, the transistor matching directly depends on how well

I‘ase 13

Collector Emitter Area
Contact Base
Qﬁ I Contact
CM18 Emitter Contact

If a current gain greater than 1 is required, the emitter areas should be implemented as follows:

C1

CM19

Current gain of the above structure is 1.5.

\E€E 4430 - Analog Integrated Circuits and Systems
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Rules for Matching of NPN BJT Transistors'[]

Use identical emitter geometries.

The emitter diameter should equal 2-10 times the minimum allowed diameter.
Maximize the emitter area-to-periphery ratio (circle the best, square okay).
Place matched transistors in close proximity

Keep the layout of matched transistors as compact as possible.

Construct ratioed pairs and quads using even integer ratios between 4:1 and 16:1
Place matched transistors far away from power devices.

Place matched transistor in low-stress areas (thermal and physical).

A S AN R S

Place moderately or precisely matched transistors on axes of symmetry of the die.

p—
S

. Do not allow the buried layer shadow to intersect matched emitters (must overlay the emitter area).

[—
[—

. Place emitters far enough apart to avoid interactions.

p—
\)

. Increase the base overlap of moderately or precisely matched emitters.

—
(98]

. Operate matched transistors on the flat portion of the beta curve.

p—
~

. The contact geometry should match the emitter geometry (circular contact for circular structure, square contact
for square structure, etc.).

p—
9,

. Consider using emitter degeneration.

 Alan Hastings, “The Art of Analog Layout”, Chapter 9, 1998 (Unpublished text, VRG1@msg.ti.com)

\E€E 4430 - Analog Integrated Circuits and Systems © P.E. Allen, 2009—/
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Rules for Matching Lateral PNP Transistors

Use 1dentical emitter and collector geometries.

Use minimum-size emitters for matched transistors.

Field plate the base region of mateched lateral PNP transistors.

Split-collector lateral PNP transistors can achieve moderate matching.

Place matched transistors in close proximity.

If possible, avoid constructing VPTAT circuits from ratioed lateral PNP transistors.
Place matched transistors far away from power devices.

Place matched transistor in low-stress areas (thermal and physical).

A S AR o S

Place moderately or precisely matched transistors on axes of symmetry of the die.

p—
S

. Do not allow the buried layer shadow to intersect matched emitters (must overlay the emitter area).

[—
[—

. Operate matched lateral PNP transistors near peak beta.

p—
N

. The contact geometry should match the emitter geometry (circular contact for circular structure, square contact
for square structure, etc.).

p—
93]

. Consider using emitter degeneration.

\E€E 4430 - Analog Integrated Circuits and Systems © P.E. Allen, 2009—/
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Simple BJT Current Mirror for Finite B

Circuit:

: | If the transistors are matched and vy = vepy, then i) =i, but

ill' ico =iz 7
l iClzil-ziB:il[l—i_B)

i01l .
25 b
VBE ! 3 1+2
— B

i CM10

If B is small then appreciable error is introduced into the current gain.

Solutions to this problem:

CM12

\E€E 4430 - Analog Integrated Circuits and Systems © P.E. Allen, 2009—)
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Base-Current Cancellation
In a BICMOS process, base current cancellation is possible and using the following technique.

4 Vbp

m1 | m2
M3 [

&
N

Q2

=0 llsz

Q1

!
&
T_%

; CM13

If Q1 and Q2 are matched, then /| = I~ and Ig| = Ip,.

The cascode current mirror is used to make sure that /5| = I,.

© P.E. Allen, 2009—)
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Fig. 4.4-8

/—Gﬂrrent Mirrors (5/11/00)
CASCODE CURRENT MIRRORS
MOS Cascode Current Mirror
Improving the output resistance:
o D3=G3=G4 D4 o
i| l l i o + + +
ImaV V3 I'ds4
OmaVgs4 -
M3:I|——|l: M4 iin(f) Vin Vout Cf)iout
D1=G1 | + D2
Om1V1 Vi Fds2
Ml:ll——|l: M2 ; ImVg2\ o :

-4
* Rout:
Vout — 71, ds4(i0ut'gm4vgs4) T ds2(i0ut'gm2vgs2)

= Vos4 = "Vs4 = “Lout ds2 and

But, i;, = 0 so that vi =v3 =0
Vout — iout[r dsd T Va2 T 8mal dsa? ds4] = rds28mal dsa

° Rll’l
R 1 ” N 1 “ 1 N 1 2
n=—_|r — =+ =
m Em3 ds3 Eml dsl Eml 8m3 Em

VMIN(Ollt) = VT + ZVON

VM]N(in) = 2(VT‘|’V0N)
Current gain match: Excellent since vpg1 = v

Vgsz =0

© P.E. Allen, 2009—)
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Large Output Swing Cascode Current Mirror

VDD
Irer (§ |REF lil
M4 M5 M2
va J————1
M3 M1
11 ——[,
1

* Ry = &maTds2l ds1

But, Vs5 — rds3(iin - gm3vin)

Vin

Yass T Va3 T 7as38msT dss 1

R . =—=

oy,
hd VM[N(OU.t) = 2 VON
* Vyan(in) =Vp+Voy

gm3rds3(1+gm5rds5)

\E€E 4430 - Analog Integrated Circuits and Systems

A
Em3

+ Current gain is excellent because vpg; = vps3-

N D5=G3
g
OmsVgss Fds5
||n<> Vin
? D3=S5 | +
ImsVgs3 fdsl <V,
= gm3V|n 5
- S3=G5]| -
Fig. 4.4-9

Vin= rdsSiin + (1+gm5rd55)rds3iin - gm3rds3(1+gm5rd55)vin

Vin = rdsS(iin - ngVgSS) T Vs = rdsS(iin +gm5vs5) Vg5 = Tsslin (1+gm5rdSS)VSS

I‘ase 19

© P.E. Allen, 2009—)
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Self-Biased Cascode Current Mirror

Vbb Vbp
) 1 ) + .
lin lout
_> <—

o o
+
R
M3 M4
Vi JH—4[
M1 M2 sl
J— -
- J_ é -
Self-biased, cascode current mirror Small-signal model to calculate Rip. Fig. 4.4-10

* Rpy=7 vip=ipR+ rds3(iin'gm3vgs3) * rdsl(iin'gmlvgsl)
But, Vas1 = Vin - IR and Vas3 = Vin - rdsl(iin'gmlvgsl) = Vin = Tdsilin gmlrdsl(vin'iinR)
Vin = LR+ 1 g3ty - 83" ds3 [Vin “Tdstiin + gmlrdsl(vin'iinR)] + rdsl[iin B gml(vin+iinR)]

Vin[l + Em3"ds3 + Em1Yds18m3Tds3 + gmlrdsl] iin[R + Fds1 + Tds3 + Em3Vds3Tds1 + gmlrdslgm3rds3R]

R+ vy Y ra3 t 8marasaast + &m1Tds18m3" ds3R 1
in ~ 1+ ria+ r 7iat r 4
Em3"ds3 T Em17ds18m3"ds3 T Em1”ds1 Eml

R +R

* Rout = Emal dsa? ds2
o Vygn(n)=Vy+2Von Vypntout) =2V on * Current gain matching is excellent

\E€E 4430 - Analog Integrated Circuits and Systems © P.E. Allen, 2009—)
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BJT Cascode Current Mirror

Advantages:
Because V1= Vg, this mirror will have very good matching if B is very large.

Output resistance large because of cascoded output (R, = Bra”,»)

Disadvantages:
VM[N (out) = VBEI + VCE4(Sat)

Vagn (in) = Vg1 + Vg3 =2Vpg

\EeE 4430 - Analog Integrated Circuits and Systems
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Improving the Matching of the BJT Cascode Current Mirror

4 VbD

x2'_’||——||‘_'
x2'_’||——||‘_'

:liOUT

12||32

Q4

N B,
3
Q/l_zp
erj & |ls,

Q2

L X ¥ \_/O\_
a1

cancellation

=

Achieves the desired base current

\E€E 4430 - Analog Integrated Circuits and Systems

However, there are three transistors stacked
at the output which will cause a large Vv Vign = Vae + veg(sat)

4 VbD

was
\'—“»0 JEN N j
: \

Page 22 —\

=

Achieves the desired base current
cancellation using only two stacked
transistors

CM15

© P.E. Allen, 2009—)
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Improving Vj,n of the BJT Cascode Current Mirror

Disadvantages:

Increase.

Requires a battery of Vg +vg(sat)

\E€E 4430 - Analog Integrated Circuits and Systems

Use the “trick” of freeing the voltage at the bases of the cascode transistors to get,

e ’

i1+ll VBE +VCE(sat)
3 Q4
VBE\|?_ A \\ T /VCE
- {{/BE < % VBE -
+ =T 2 +
Q1 Q
VCE(Sat}\/li\; §/CE(%)
_| _VBE -
-4 CM16
Advantages:
VMIN(Oth) = 2VCE(Sat)
Rout = Bgr,

Vign(n) = Vpp (lowest possible without using extreme methods)

Screwed up the current mismatch. Okay if B is large or you can use another transistor but V5 /(in) will

Prrge 23 —\
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Self-Biased, V) a(out) BJT Cascode Current Mirror

illi

VCE(Sat)é R

* Minimum V) y(out) can be obtained (2vg(sat))

* The Vy\(in) is equal to Vg +vp(sat)

\E€E 4430 - Analog Integrated Circuits and Systems

|2

Can eliminate the battery using the self-biased concept as illustrated below.

N %
VBE-VCE(Sat) 1 +{ Vce
- ’/ VBE VBE_‘ -
+ 2 +
Q1 Q
VCE(Sat)\ T /VCE(SaI)
Ve N
— CM17
. vCE(sat)
Design R so that R = T
Comments:

Page 24 —\

« Still have current mismatch if B is not large (can use two more transistors to eliminate the mismatch)
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BJT Wilson Current Mirror

WILSON CURRENT MIRROR

If i5 increases (because vy 7 increases), then the voltage at the base of Q1 increases.

The increase of voltage at the base of Q1 appears as a decrease at the base of Q3.

Therefore, the original increase in i, is opposed.
It can be shown that R,

Wilson current mirror suffers from poor matching (Vg 1= 2veg)

\EeE 4430 - Analog Integrated Circuits and Systems

. 5 ic1
11 [ ihtipy =i tipy Tipy = iy 1+ I
l )l 2 2 B3 C2 T Bl T B2 2( ﬁF] CZ( ﬁF] ﬁF
Q3
iC]_l L 1 2+:BF
: - =1 =1
QU ——{Q
AN (1)
T M2 Solving for i, gives i = 248, |2
i
Substituting for i) =i Into i} =i tigs =i+ 45 By gives
L 1+Br) iz . 1+Bp Ry Br 2B +1 . B __BABrt2)
U\ 248 27 B 2B B BrBr2) it Brp2fp+1
How does the Wilson current source work?
Negative feedback -

= O.SﬁFl’O, hOWCVCT, VM]N (0ut)= VBE+VCE(Sat) and VMIN(m) = 2VBE

I\ase 25
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Wilson MOS Current Mirror

Tout

. O
i l llo +

— 9m3Vgs3 rds3

+ Vg3 - Vout

M1 [—H[, ™2

:I l: Vin nggsl@ S\%gszgsz lds2 VgsZ—Vgsl

1
F|g. 4.4-11

Uses negative series feedback to achieve higher output resistance.

* Rout =7 (iinzo) Vo rds2(lout gm3 3) T V

iout r ds2i0ut
Vg = =
852 g m2+gds2 1+g m2lds2

and Vas3 = Em1 ds1Vgs2 ~ Vgs2™ '(1+gm1rdsl)vgs2

1+gm3rds2+gmlrds1gm3rds3 :|
1+ Em2Vds2

“ Vour = Tds2lout T gm3rds2(1+gmlrds1)vgs2 = Lot |:rds3+rds2(

1+gm3rds2+gmlrdslgm3rds3) _ Em1"ds18m3"ds3

R, =1 3t
out — "ds3 ds2( 1+ g,0r 40 Jes

\E€E 4430 - Analog Integrated Circuits and Systems © P.E. Allen, 2009—)
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Wilson Current Mirror - Continued

¢ Rin =7 (Vout = O)
. Em1&m3Vas3 Em1&m3Vas3
L, = A% = =
in= &ml gsl gm2+gds2+gds3 Em?2
Em18m3Ves3 Vin
Vi3 = Vin = Vos1= Vi e = Ve3= T o o
gs in~ Vgs in 20 gs Zm1€m3
1+——
Em?2
Em18m3 Vin N Em?2 +gm3
l. = S =
m Em?2 +gm3 m Em18m3

* Vyun(in) = 2(V+Vop)
® VMIN(Ollt) = VT + 2V0N

+ Current gain matching - poor, vpg; # Vpg

\EeE 4430 - Analog Integrated Circuits and Systems © P.E. Allen, 2009—)
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Evolution of the Regulated Cascode Current Mirror from the Wilson Current Mirror

RS

l—{_l:MZ

Wilson Currer;t Mirror Redrawn

i|l

4”:

M1:]|7

—h

—VBias2

T-
L

Jio

M3

M2

Regulated Cascode Current Sink

Fig. 4.4-12

\EeE 4430 - Analog Integrated Circuits and Systems
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REGULATED CASCODE CURRENT MIRROR
MOS Regulated Cascode Current Mirror

i|l |Biasl ll\;g

M2

il

=

£
- FIG. 4.4-13

mn gm4

Vign(out) = Vit2V 5 (Can be reduced to 2V )

Vygn(n) = VitVon (Can be reduced to V)

Current gain matching - good as long as vpgs = vpor
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I‘ase 30 _\
BiCMOS Regulated Cascode Current Mirror
Circuit:
$Vbp
M1l M12(M13 M14{ [M1§ Mi6M1
M o B hE e :E iout
— — — — -—
n, TR R S YT
o—p |7l Is l *—|l: M3
|Bias D M6 M7 M5:]|——||__7|v|4
N , vout
Q2
VCE(Sa[')/ Q1 0 —n <VCE(Sat)
M10_| +—[ Mo -
= M2
Constraints:
Let Iy = I and I5 = I. 1f the W/L values of M4-M7 are equal than these currents can be used to set the
collector-emitter voltages of Q1 and Q2.
(8ds778ds14)€m+Em) .
in~ s Rowt = 1018m37ds38m5(ds5lIras®)s Vagn(out) = Vyp(in) = veg(sat)
Em18m1EmS
and the current matching will be excellent.
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Prrge 31 —\

SUMMARY
Summary of MOS Current Mirrors
Current Mirror Accuracy Output Input Minimum Minimum Input
Resistance Resistance | Output Voltage Voltage
: 1
Simple Poor Vds — Von VirtVon
Em
2
Cascode Excellent gm”dsz g_ Vit2Von 2VrtVon)
m
Wide Output Swing Excellent 2" ds2 1 2Von VitVon
Cascode Em
Self-biased Excellent g 72 RiL 2V V2V on
Cascode Em
: 2
Wilson Poor gmrdsz g_ 2(VrtVon) Vit2Von
m
Regulated Cascode | Good-Excellent Em*Tds> 1 Vrt2Von VrtVon
Em (min. s 2Vp) | (min.is V)

© P.E. Allen, 2009—)

\E€E 4430 - Analog Integrated Circuits and Systems



/—Gﬂrrent Mirrors (5/11/00)

Summary of BJT Current Mirrors

I‘ase 32

Current Mirror Accuracy Output Input Minimum Minimum Input
Resistance Resistance | Output Voltage Voltage
Simple Poor Yo L Veg(sat) VBE
Em
2
Cascode Excellent Bgt, o Veg(sat)y+Vpp 2VpE
m
Wide Output Swing Excellent Bgt, 1 2V p(sat) Veg
Cascode Em
Self-biased Excellent Ber, Ri-L 2Wep(sat) | Veg(satytVgg
Cascode Em
Wilson Poor Bgt, gl Vep(sa)tVpr | Vep(sa)+Vpg
m
Regulated Cascode | Good-Excellent Brro 1 or less Vep(sat)* Vep(sat)*
m

\E€E 4430 - Analog Integrated Circuits and Systems

* One can design the regulated cascode so that effectively the minimum value of V), (out) is just V-g(sat).
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