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DC Level Shifters

Composed Transistor Type:

I
@lT VGseQ = Vasn + Vsgp = 1/ +,/—T—VTp

|
a o_l ............ Mp VGSEQ «/IT[\/K \/K J (V11 +V-|-p): K—T_VTeq
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A typical use of this (composed transistor) circuit is the following:
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Source Follower Type

Vbp
V.
a 'Qa_”:
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b

Vbs > Ves — V1

W
It =K'~ (Ves - Vr)?

IW 2
T =K'~ (Vin = Vo - V1)

VD >VG—VT >=VO
Vbp > VG — V1
I.e., Vin =Vpp, Then
Vo=VbD - T v
0= DD = w7 TO
VDD R
l.e., Vpp L
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Vab =Vbp —Vo =4/ + V10
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Single Ended BJT Implementation

Vab = Vac + Veb = Vac — Vi
Vap =(l2 —17)R

Differential Bipolar Level Shifter

|
20— Vin_VOZVabzw/K.VJ/L+VTO+|TR
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Single Ended MOSFET Implementation

ao—”: |——ob

l4 \/ P
Vo = _ LVENRY.
ab \/K'W/L kwyL V- Vr2)

Note: Terminal® must be tied to high-impedance
terminal of the circuit where it is used



Application of DC Level Shifters

L J
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Conventional Cascode CM

min Vin :ZVSG ~ 4.2V
min VO = VGS +VDSAT ~ 3.3V
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Conventional Cascode with Level Shifter
minVp =Vgs + VpsaT — Vab
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Linearization Technique Using Floating VVoltage Sources

(a+b)? —(a—b)? = 4ab

vie— L

|
e vl

|2

M2

Vss

principle

K
ID1 =§(Vin ~Vgs - V1)? ~ (a+b)?

How to obtain the (a - b)2 type term?

llDl llDZ Ip1| |!p2
I— *1-
Vin 15 I|—‘“: = Vi, |CELL
VB
Vss
K 2
D1 =" (Vin =Vss = V1)

K 2
D2 == (Vin = Vap = Vss = VT)

lout = 1p1— D2 = KVBVin + loff

loff = _KVB(VSS + VT + V—ZBJ

Next we consider an approach to practically eliminate I
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Offset cancellation by connecting two cells.

lout =1L —Ir =(Ip1—Ip2) — loff = KVBVjjp

min Vin > VSS + VT

Power consumption is as large as 4(;)QVSS\ -Vt )2 for Vg =0

A differential version could alliviate this problem.
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||_ + IR =2|SS
K

I =lss +EVBVin
K

IR = |ss—§VBVin

lout =1L —Ir =KVBVjj



