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Opamp input voltage range:
Vin(min) = Vref X (Rscale || Rset) + (Rscale || Rset + Rref)
Vin(max) = Vref x Rscale + (Rscale + Rset || Rref)
R212
Output stable up to 10 uF cap. load 16k Current sink to bridge
(simulated with TSZ121 and NCx333) Fixed voltage 0.4% ke pontential difference
feciotor Uit CVTRef2D—22+ R374
current into opam oy
i u1oc Isolate amplfier R209 CVisni2
R197 NCV4333DTBR2G 37 o 91 10k u108
CTsetp D222 R203 Q {eriebte velteae O 04z NCV4333DTBR2G 70180
225V (T CVsetoD—222Y 4 R215 BSS123
c59 c61 et . I
470p 100n R205 Cin 27100 pF should ot e
2 itgz 22k E it destabilize the opamp.
D51 ZSE R199 R201 0.1% D53 D55 z o 16k 069444 . 18055 V
2 47k 470k /l 2
a PESD5Z5.0 g oax
a a scate
Compensation Compensation R206 Scales combined ?gi@
for 100 n voltage down
cap. load cap. load 100k 0.1%
0.1%
Gain = 122 Isink = Vin + Rsink
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16k
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CVTReft!
o3 1k u10D

NCV4333DTBR2G

U10A
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Opamp input voltage range:
Vin(min) = Vref X (Rscale || Rset) + (Rscale || Rset + Rref)
Vin(max) = Vref x Rscale + (Rscale + Rset || Rref)
R188
Output stable up to 10 uF cap. load 16k Current sink to bridge
(simulated with TSZ121 and NCx333) Fixed voltage 04% “pur pontential difference
feciotor Uit CVTRef2D—22+ R373
LT usc sty wiss cusna
R173 NCV4333DTBR2G ' P35 o 0 10k u9B "
CTsetp D222 R179 Q {eriebte velteae O 04z NCV4333DTBR2G 70180 i
225V (T CVsetoD—222Y 4 R191 BSS123
€52 c54 et . I
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a a Rscale’ ) R195
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Opamp input voltage range:
Vin(min) = Vref X (Rscale || Rset) + (Rscale || Rset + Rref)
Vin(max) = Vref x Rscale + (Rscale + Rset || Rref)
R162
Output stable up to 10 uF cap. load 16k Current sink to bridge
(simulated with TSZ121 and NCx333) Fixed voltage 0.4% ke pontential difference
- CVTRef2D—22Y R372
REsv\Stur limits
U e 1k uac ey ot ez
R149 NCV4333DTBR2G P33 o es 10k uss "
CTsetaD—225Y R155 e} Variable voltage @) 04% NCV4333DTBR2G 70,480 uh
0.3.05V 025V
22D (T2 CVsetoD—22——48 — R168 BSS123
cu5 cu7 st . I
Compensation for good measure.
o c127 L270P 100n 2;57 o Gestasitise e opomp.
i 100p < v R166
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b a Rscale’ v R172
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0.1%
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Opamp input voltage range:
Vin(min) = Vref X (Rscale || Rset) + (Rscale || Rset + Rref)
Vin(max) = Vref x Rscale + (Rscale + Rset || Rref)
R138
Output stable up to 10 uF cap. load 16k Current sink to bridge
(simulated with TSZ121 and NCx333) Fixed voltage 04% “pur pontential difference
- CVTRef2D—22Y R363
REsv\Stur limits
= T u7c Isolate amplifiee R139 Vs
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Compensation  Campensation R134 f;ﬁfgse Combined 10k
cap. load cap. load 100k 0.1%
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CVTReft
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Opamp input voltage range:
Vin(min) = Vref X (Rscale || Rset) + (Rscale || Rset + Rref)
Vin(max) = Vref x Rscale + (Rscale + Rset || Rref)
R114
Output stable up to 10 uF cap. load 16k Current sink to bridge
(simulated with TSZ121 and NCx333) Fixed voltage 0.4% ke pontential difference
feciotor Uit CVTRef2D—22+ R362
current into opam oy
g B RO, T 1k u6C Isolate amplfier R115 CVisni2
R101 NCV4333DTBR2G P29 o 87 10k ués
CTsetp D222 R107 Q {eriebte velteae O 04z NCV4333DTBR2G 70180
0305V 0257
22D (T2 CVset2D—22——4 — R120 BSS123
c31 €33 st . I
Compensation for goad measure.
o cizs L270P TTT 1000 Sy o S o ™
5 100p 22k 5 RL18
S\ Ri03 RLOS 0-1% D29 D3t Rn 46k I
a 47k 470k /l b a N
a ESD525.0 g ooax LI
w o Rscale ) R124
Compensation  Campensation R110 f;ﬁfgseﬂdﬂumw"n‘"‘id 10k
cap. load cap. load 100k 0.1%
0.1%
Gain = 1.22
Isink = Vin + Rsink
R116
16k
0.1%
CVTReft!
eo 1k uén

NCV4333DTBR2G

U6A
NCV4333DTBR2G
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BSS123
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Opamp input voltage range:
Vin(min) = Vret x (Rscale || Rset) + (Rscale || Rset + Rref)
Vin(max) = Vref x Rscale + (Rscale + Rset || Rref)
R90
Output stable up to 10 pF cap. load 16k Comrent sink to bridge
(simulated with T5Z121 and NCx333) Fixed voltage 04% rur pontential difference
- CVTRef2D—22Y R361
Resistor limits
current into opamp .
during E5D event P51 1k usc ‘ig:‘iaafﬂﬂu\‘;‘w
R77 NCV4333DTBR2G from cop. fosd 27 B e 10K UsB CVisnk2
CTsetaD—225Y R83 e} Variable voltage @) 0.4% NCV4333DTBR2G 70,480 uh
0305V 0257
p—-22 LD CT2 CVset2D—22———8 — R96 BSS123
C24 C26 Roet . . ,
100n R85 ompersation for gooq nessure.
< 22k S destabilize the opamp.
D21 100p R79 R81 0.1% D25 oty RO
iNS D23 R 16k
a 47k 470k /l A ouy
& PESD5Z5.0 g oax Lo
a a Rscale’ R100
Compensation Compensation R86 Scales combined 10k
for 100 nF voltage down
cap. load cap. load 100k 0.4%
0.1%
Gain = 1.22
Isink = Vin + Rsink
R92
16k
0.1%
CVTReft
s9 1k usb

R78

NCV4333DTBR2G

USA

o Q  04% NCV4333DTBR2G
D——¢
s DCT1 CVsett RO8 Res123
° <
> W RY5
i D26 =N
D22 ZSB 024 NG 16k
2 a0.4%
@ PESD5Z5.0 w
o R337
RB8 10k
100k 0.4%
0.4%
N
>
P67
R89
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Opamp input voltage range:
Vin(min) = Vret x (Rscale || Rset) + (Rscale || Rset + Rref)
Vin(max) = Vref x Rscale + (Rscale + Rset || Rref)
R66
Output stable up to 10 pF cap. load 16k Comrent sink to bridge
(simulated with T5Z121 and NCx333) Fixed voltage 04% rur pontential difference
feciotor Uit CVTRef2D—22+ R360
current into opamp .
during E5D event P30 1k uac ‘igﬁtiaawuhaﬂw
R53 NCV4333DTBR2G from cop. fosd 25 N s 10K Ush CVisnk2
CTsetoD—225Y 1 R59 @) Variable voltage O o1y NCV4333DTBR2G 70,400
0.3.05V 025V
p—-22 LD CT2 CVset2D—22———8 — R72 BSS123
c17 Cc19 Roet . . ,
100n R61 Ci 2100 pF shoutd mot
< 22k S R70 destabilize the opamp.
I 100 g i
b5 ZSE g R55 R57 0.1% D17 D19 ZSE 16k oout . 18055 Y
a 47k 470k Z a
& PESD5Z5.0 o ooax
a a scale R76
Compensation Compensation R62 Scales combined 10k
for 100 nF for 10 uF voltage down
cap. load cap. load 100k 0.4%
0.1%
e lsink = Vin + Rsink
R68
16k
0.1%
CVTReft
rse 1k u4b

NCV4333DTBR2G P24

Us4A

CTsett Q Q@ o0ax NCV4333DTBR2G
———DCT1 CVsett D———4 R74 BSS123
o
e W R71
4 D20 il
D16 ZSB 18 NG 16k
@ PESD5Z5.0 g o
L N a
& R336
R64 10k
100k 0.4%
0.4%
+
>
P66
R65
0.0
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Opamp input voltage range:
Vin(min) = Vref X (Rscale || Rset) + (Rscale || Rset + Rref)
Vin(max) = Vref x Rscale + (Rscale + Rset || Rref)
R42
Output stable up to 10 uF cap. load 16k Current sink to bridge
(simulated with TSZ121 and NCx333) Fixed voltage 0.4% ke pontential difference
- CVTRef2D—22Y R351
Resistor limits
current into opamp .
during £5D event  TP49 1k u3c fsolate amplifier
R29 NCV4333DTBR2G ’ 23 - e 10k u3B CVisniz
CTsetaD—225Y R35 Variable voltage @) 0.4% NCV4333DTBR2G 70,480 uh
0305V 0257
22D (T2 CVset2D—22——4 — R48 BSS123
c10 c12 st . I
100n R37 Ci 2100 pF shoutd mot
S 22k S destabilize the opamp.
09 i 100p R31 R33 0.1% D13 g fi  R46
Na A% D11 D 16k 0.69444 . 18055
a 47k 470k /l a N
a PESD5Z5.0 a oax L
a a Rscale’ R52
c : c : Scales combined
Gorpiaten  onpragton R38 10k
cap. load cap. load 100k 0.1%
0.1%
Gain = 1.22
Isink = Vin + Rsink
Rub
16k
0.1%
CVTReft
87 1k u3p

R30

NCV4333DTBR2G

U3A

Q@ o0ax NCV4333DTBR2G
D——m¢
——DCT1 CVsett R50 Be5123
o
e 14 i R47
D10 ZSB 012 NG 16k
2 g 0.1%
a PESD5Z5.0 b
= R327
R40 10k
100k 0.4%
0.4%
+
>
P65
Ri1
0.0
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Opamp input voltage range:
Vin(min) = Vret x (Rscale || Rset) + (Rscale || Rset + Rref)
Vin(max) = Vref x Rscale + (Rscale + Rset || Rref)
R21
Output stable up to 10 pF cap. load 16k Comrent sink to bridge
(simulated with T5Z121 and NCx333) Fixed voltage 04% rur pontential difference
feciotor Uit CVTRef2D—22+ R397
current into opamp .
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Resistor converts
sourced current

Serfes resistor to diagnose
balancing functionality

Re linearizes control

into input voltage Compensation Cn
- [
CEn
R436
b Soutced a6 <lose 25 Rgf Rgz R428 R429 1.0 e
possible to the connector. 1w 1% 100 2.7k 250mwW
A% A% c118
CVisreD —HE - e capecic adnn o o,
O i keep shunt regulator stable.
Y 220 25v
In+ 1 o R b WF/3¥/28 °C
3 YN
3|y SMDJ5.0A
053 .
V+f ~ u2s Er?v:sntg E:c;rsi‘:e voltage
R426 < I NCV333A5Q3126 MID44HLLA) plles st
15.4k |:| o 051
0.1% I Lt R277
© 510m
28 100n W
g v R326 St
® b Cn-1
0.0 -

Protect opamp
during voltage
transients (startup)

Voltage range (with Vin ~ 0.694..1.81 V) 1.76..4.60 V
V4 — Vo = Vin x (15.4 kQ + 10 kQ + 1

A copper track 0.2 wide, 25 pm thick (0‘005 mm?2) and
50 mm long is a ca. 172/217 mR at 25/85 °C. So even a few
mA supply current would lead to noticable voltage output errors.

Nexperia BC846B/BC856B:

hfFe = 220 at 2 mA/5 V/25 °C (= 65% of typical value)
65% of typical value at 35 mA/-40°C is hre = 50
VeE(sat) = 110 mV/40 mA/—40 °C

Nexperia MJD44H11A)/MID45HI1A):

hFe = 60 at 2 A/1 V/25 °C (= 40% of typical value)
40% of typical value at 1 A/-40°C is hfe = 55
VCE(sat) = 750 mV/1 A/-40 °C

Rpe should go

to V+, but emitter

is more convenient
in layout

All parts of this project may contain errors and are published without
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Series resistor to diagnose
Recistor converte balancing functionality
sourced current RE linearizes control
into input voltage Compensation of transistor Cn
I E—
CEn
R&24
Lorout feedbeck shouis RA413 RA15 R416 R417 1.0
possible to the connector. 10k 10k 100 2.7k 250mw
0.1% 0.1% 15 :
CV\S({:D J > C116 (atpaciftiveuloadinﬁ to Hmitd
O L 470 o | e,
" 220 % 25V
In+ 1 3 Iy Lk uF/5 V25 7T
> 4 T8 Z D90
31 wsv SMDJ5.0A
V4f <] v27 3“:’34“““/” Prgkvents(eiceisive voltage
RA414 < I NCV333ASQ3T26 e
so[] B |
0.1% B N iy R276
@
o 100n gif’”’
32 R325 o
V= - Co-1
0.0 "

Protect opamp
during voltage
transients (startup)

Voltage range (with Vin ~ 0.694..1.81 V) 1.76..4.60 V
V4 — Vo = Vin x (15.4 kQ + 10 kQ + 1

A copper track 0.2 wide, 25 pm thick (0‘005 mm?2) and
50 mm long is a ca. 172/217 mR at 25/85 °C. So even a few
mA supply current would lead to noticable voltage output errors.

Nexperia BC846B/BC856B:

hfFe = 220 at 2 mA/5 V/25 °C (= 65% of typical value)
65% of typical value at 35 mA/-40°C is hre = 50
VeE(sat) = 110 mV/40 mA/—40 °C

Nexperia MJD44H11A)/MID45HI1A):

hFe = 60 at 2 A/1 V/25 °C (= 40% of typical value)
40% of typical value at 1 A/-40°C is hfe = 55
VCE(sat) = 750 mV/1 A/-40 °C

Rpe should go
to V+, but emitter
is more convenient
in layout
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Series resistor to diagnose
Resictor converte balancing functionality
sourced current RE linearizes control
into input voltage Compensation of transistor Cn
e [ °
CEn
R412
be’ Saureed ae close bt Rzgi Rzgi R4O04 R405 1.0 s
possible to the connector. 1% 1% 100 2.7k 250mwW
e e c112
CVisD: —HE - P Capsin touing o it
<> i keep shunt regulator stable.
o 220 % 25V
In+ 1 3 Iy Lk uF/5 V25 7T
> 4 T8 Z pes
31 oy SMDJ5.0A
Q49 :
R402 o e 33\6/333ASQ3T2G MIDA4HLLA) e e
>
s [] 8
0.1% -+ Loy R267
o 510m
5 % 100n by
oo v R324 510 mu
® *— Cn-1
0.0 "

Protect opamp
during voltage
transients (startup)

Voltage range (with Vin ~ 0.694..1.81 V) 1.76..4.60 V
V4 — Vo = Vin x (15.4 kQ + 10 kQ + 1

A copper track 0.2 wide, 25 pm thick (0‘005 mm?2) and
50 mm long is a ca. 172/217 mR at 25/85 °C. So even a few
mA supply current would lead to noticable voltage output errors.

Nexperia BC846B/BC856B:

hfFe = 220 at 2 mA/5 V/25 °C (= 65% of typical value)
65% of typical value at 35 mA/-40°C is hre = 50
VeE(sat) = 110 mV/40 mA/—40 °C

Nexperia MJD44H11A)/MID45HI1A):

hFe = 60 at 2 A/1 V/25 °C (= 40% of typical value)
40% of typical value at 1 A/-40°C is hfe = 55
VCE(sat) = 750 mV/1 A/-40 °C

Rpe should go
to V+, but emitter
is more convenient
in layout

All parts of this project may contain errors and are published without
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Series resistor to diagnose
Resictor converte balancing functionality
sourced current RE linearizes control
into input voltage Compensation of transistor Cn
e [ 2
CEn
R400
b Soutced a6 <lose 25 Rigi Ri?}i R392 R393 1.0 s
possible to the connector. 1% 1% 100 2.7k 250mwW
o o €109
€110 e ot ot
CVisreD> J > Capacitive loading to limit
o P [ i
0| .2n N
In+ 1[5 3| Ay 4 /5 V25 °C
> 4 T8 Z D86
31 oy SMDJ5.0A
Q47 .
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>
s [] 8
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o2 100n 2w
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Protect opamp
during voltage
transients (startup)

Voltage range (with Vin ~ 0.694..1.81 V) 1.76..4.60 V
V4 — Vo = Vin x (15.4 kQ + 10 kQ + 1

A copper track 0.2 wide, 25 pm thick (0‘005 mm?2) and
50 mm long is a ca. 172/217 mR at 25/85 °C. So even a few
mA supply current would lead to noticable voltage output errors.

Nexperia BC846B/BC856B:

hfFe = 220 at 2 mA/5 V/25 °C (= 65% of typical value)
65% of typical value at 35 mA/-40°C is hre = 50
VeE(sat) = 110 mV/40 mA/—40 °C

Nexperia MJD44H11A)/MID45HI1A):

hFe = 60 at 2 A/1 V/25 °C (= 40% of typical value)
40% of typical value at 1 A/-40°C is hfe = 55
VCE(sat) = 750 mV/1 A/-40 °C

Rpe should go
to V+, but emitter
is more convenient
in layout

All parts of this project may contain errors and are published without
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Series resistor to diagnose
Resictor converte balancing functionality
sourced current RE linearizes control
into input voltage Compensation of transistor Cn
I E—
CEn
R388
be’ Saureed ae close bt R%Z R%i R380 R381 1.0 i
possible to the connector. 1% 1% 100 2.7k 250mwW
R R C106
CVisD: —HE - P Capsin touing o it
<> i keep shunt regulator stable.
" 220 % 25V
In+ 1 3 Iy Lk uF/5 V25 7T
& 4 T18 Z D84
31 oy SMDJ5.0A
Q45 )
R378 o e 333333%‘0372@ MIDA4HLLA) e e
>
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nR 100n oW
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Protect opamp
during voltage
transients (startup)

Voltage range (with Vin ~ 0.694..1.81 V) 1.76..4.60 V
V4 — Vo = Vin x (15.4 kQ + 10 kQ + 1

A copper track 0.2 wide, 25 pm thick (0‘005 mm?2) and
50 mm long is a ca. 172/217 mR at 25/85 °C. So even a few
mA supply current would lead to noticable voltage output errors.

Nexperia BC846B/BC856B:

hfFe = 220 at 2 mA/5 V/25 °C (= 65% of typical value)
65% of typical value at 35 mA/-40°C is hre = 50
VeE(sat) = 110 mV/40 mA/—40 °C

Nexperia MJD44H11A)/MID45HI1A):
hFe = 60 at 2 A/1 V/25 °C (= 40% of typical value)
40% of typical value at 1 A/-40°C is hfe = 55

Rpe should go
to V+, but emitter
is more convenient
in layout

All parts of this project may contain errors and are published without
assuming liability for any results.
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Series resistor to diagnose
Resictor converte balancing functionality
sourced current RE linearizes control
into input voltage Compensation of transistor Cn
e [ °
CEn
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be’ Saureed ae close bt Rigf Rigz R368 R369 1.0 i
possible to the connector. 1% 1% 100 2.7k 250mwW
e e €103
c104 I
CVisreD> J > Capacitive loading to limit
o P [ i
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Protect opamp
during voltage
transients (startup)

Voltage range (with Vin ~ 0.694..1.81 V) 1.76..4.60 V
V4 — Vo = Vin x (15.4 kQ + 10 kQ + 1

A copper track 0.2 wide, 25 pm thick (0‘005 mm?2) and
50 mm long is a ca. 172/217 mR at 25/85 °C. So even a few
mA supply current would lead to noticable voltage output errors.

Nexperia BC846B/BC856B:

hfFe = 220 at 2 mA/5 V/25 °C (= 65% of typical value)
65% of typical value at 35 mA/-40°C is hre = 50
VeE(sat) = 110 mV/40 mA/—40 °C

Nexperia MJD44H11A)/MID45HI1A):

hFe = 60 at 2 A/1 V/25 °C (= 40% of typical value)
40% of typical value at 1 A/-40°C is hfe = 55
VCE(sat) = 750 mV/1 A/-40 °C

Rpe should go
to V+, but emitter
is more convenient
in layout

All parts of this project may contain errors and are published without
assuming liability for any results.
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Series resistor to diagnose
Recistor comverts balancing functionality
sourced current RE linearizes control
into input voltage Compensation of transistor Ca
S
CEn
R364
b Soutced a6 <lose 25 Rigi Rigf R356 R357 1.0 w2
possible to the connector. 1% 1% 100 2.7k 250mW
S S €100
CVisD: —HE - o Capsin touing o it
<> 20 . 25: —— keep shunt regulator stable.
0| .2n N
In+ 1 3 Iy Lk uF/5 V25 7T
> 4 T8 Z D8o
31 wsv SMDJ5.0A
Vif <[ u22 3?;4‘0“11/” Prevents excessive voltage
R354 N P NCV333ASQ3T26 sples setee
s [] B |
0.1% I S R255
o 510m
o 100n b
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Protect opamp
during voltage
transients (startup)

Voltage range (with Vin ~ 0.694..1.81 V) 1.76..4.60 V
V4 — Vo = Vin x (15.4 kQ + 10 kQ + 1

A copper track 0.2 wide, 25 pm thick (0‘005 mm?2) and
50 mm long is a ca. 172/217 mR at 25/85 °C. So even a few
mA supply current would lead to noticable voltage output errors.

Nexperia BC846B/BC856B:

hfFe = 220 at 2 mA/5 V/25 °C (= 65% of typical value)
65% of typical value at 35 mA/-40°C is hre = 50
VeE(sat) = 110 mV/40 mA/—40 °C

Nexperia MJD44H11A)/MID45HI1A):

hFe = 60 at 2 A/1 V/25 °C (= 40% of typical value)
40% of typical value at 1 A/-40°C is hfe = 55
VCE(sat) = 750 mV/1 A/-40 °C

Rpe should go
to V+, but emitter
is more convenient
in layout

All parts of this project may contain errors and are published without
assuming liability for any results.
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Series resistor to diagnose
Recistor converte balancing functionality
sourced current RE linearizes control
into input voltage Compensation of transistor Cn
e [ °
CEn
R352
be’ Saureed ae close bt Rigi Riﬁ R344 R345 1.0 i
possible to the connector. 100 2.7k 250mwW
0.1% 0.1%
€97
CVisD: —HE - o Capsin touing o it
<> 20 . 25: —— keep shunt regulator stable.
0| .2n N
In+ 1 3 Iy Lk uF/5 V25 7T
> 4 T1p Z D78
31 wsv SMDJ5.0A
Q39 P it i s
R342 P S 33\1/333ASQ3T2G MIDA4HLLA) witd o dor-up
15.4k |:| o co6 05ty
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S % 100n v
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Protect opamp
during voltage
transients (startup)

Voltage range (with Vin ~ 0.694..1.81 V) 1.76..4.60 V
V4 — Vo = Vin x (15.4 kQ + 10 kQ + 1

A copper track 0.2 wide, 25 pm thick (0‘005 mm?2) and
50 mm long is a ca. 172/217 mR at 25/85 °C. So even a few
mA supply current would lead to noticable voltage output errors.

Nexperia BC846B/BC856B:

hfFe = 220 at 2 mA/5 V/25 °C (= 65% of typical value)
65% of typical value at 35 mA/-40°C is hre = 50
VeE(sat) = 110 mV/40 mA/—40 °C

Nexperia MJD44H11A)/MID45HI1A):

hFe = 60 at 2 A/1 V/25 °C (= 40% of typical value)
40% of typical value at 1 A/-40°C is hfe = 55
VCE(sat) = 750 mV/1 A/-40 °C

Rpe should go
to V+, but emitter
is more convenient
in layout

All parts of this project may contain errors and are published without

assuming liability for any results.
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Series ers'\stur Fu d\'?gnose
Resictor converte balancing functionality
sourced current RE linearizes control
into input voltage Compensation of transistor Cn
I E—
CEn
R340
b Soutced a6 <lose 25 Rﬁf Rﬁi R332 R333 1.0 o
possible to the connector. 1% 1% 100 2.7k 250mwW
: : co4
CVisD: —HE - o Capsin touing o it
<> N —— keep shunt regulator stable.
22n % 25V
& 2
In+ 1 3 Iy Lk uF/5 V25 7T
> 4 T1B Z D76
31 wsv SMDJ5.0A
Q37 )
Vif <[ u20 Prevents excessive voltage
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o R 100n pow
55 v R302 e
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Protect opamp
during voltage
transients (startup)

Voltage range (with Vin ~ 0.694..1.81 V) 1.76..4.60 V
V4 — Vo = Vin x (15.4 kQ + 10 kQ + 1

A copper track 0.2 wide, 25 pm thick (0‘005 mm?2) and
50 mm long is a ca. 172/217 mR at 25/85 °C. So even a few
mA supply current would lead to noticable voltage output errors.

Nexperia BC846B/BC856B:

hfFe = 220 at 2 mA/5 V/25 °C (= 65% of typical value)
65% of typical value at 35 mA/-40°C is hre = 50
VeE(sat) = 110 mV/40 mA/—40 °C

Nexperia MJD44H11A)/MID45HI1A):

hFe = 60 at 2 A/1 V/25 °C (= 40% of typical value)
40% of typical value at 1 A/-40°C is hfe = 55
VCE(sat) = 750 mV/1 A/-40 °C

Rpe should go
to V+, but emitter
is more convenient
in layout

All parts of this project may contain errors and are published without
assuming liability for any results.
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Series resistor to diagnose
Resistor converts balancing functionality
sourced current RE linearizes control
into input voltage Compensation of transistor Ca
e o
:I——gDCEv
R328
be’ Saureed ae close bt Rﬁz Rﬁf R320 R321 1.0
possible to the connector. 1% 1w 100 2.7k 250mW
A% A% cot
CVisreD | > €92 Capacitive loading to limit
rate of voltage change an
) :lz . g;: —— keep shunt requiator stable.
o) 2n 3
In+ 1 3 Iy Lk uF/5 V25 7T
> 4 T Z D74
3f 1 5w SMDJ5.0A
=
Q35 )
V+f ~| U19 Prevents excessive voltage
R318 o f NCV333ASQ3T2G MJD44H11A) spikes at start-up
15.4k |:| @ o0 051y
0.1% 4 —— R252
3 510m
oo v R301 Zo10
o Cn-1
0.0 V-

Protect opamp
during voltage
transients (startup)

Voltage range (with Vin ~ 0.694..1.81 V) 1.76..4.60 V
V4 — Vo = Vin x (15.4 kQ + 10 kQ + 1

A copper track 0.2 wide, 25 pm thick (0‘005 mm?2) and
50 mm long is a ca. 172/217 mR at 25/85 °C. So even a few
mA supply current would lead to noticable voltage output errors.

Nexperia BC846B/BC856B:

hfFe = 220 at 2 mA/5 V/25 °C (= 65% of typical value)
65% of typical value at 35 mA/-40°C is hre = 50
VeE(sat) = 110 mV/40 mA/—40 °C

Nexperia MJD44H11A)/MID45HI1A):
hFe = 60 at 2 A/1 V/25 °C (= 40% of typical value)
40% of typical value at 1 A/-40°C is hfe = 55

Rpe should go
to V+, but emitter
is more convenient
in layout

All parts of this project may contain errors and are published without

assuming liability for any results.
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Series resistor to diagnose
. balancing functionality
Resistor converts
sourced current RE linearizes control
into input voltage Compensation of transistor Cn
S
:I——gDCEv
R316
be’ Saureed ae close bt Rigf Rigz R308 R309 1.0 e
possible to the connector. 100 2.7k 250mW
0.1% 0.1% can
c89 I
CV\SVCD 4| > Capacitive loading to limit
o M A70 I | RSN
o) .2n i
In+ 1% 3| Lk pF /5 /25 T
= 4 T1s 7 D72
31 wsv SMDJ5.0A
Q33 )
V4f <] u1s Prgkvents(eiceii\ve voltage
R306 < I NCV333ASQ3T26G MIDA4HLLA) e
s [] 8
0.1% Lo LS8 R243
o 510m
<% 100n b
oo v R300 <510 W
b Cn-1
0.0 "

Protect opamp
during voltage
transients (startup)

Voltage range (with Vin ~ 0.694..1.81 V) 1.76..4.60 V
V4 — Vo = Vin x (15.4 kQ + 10 kQ + 1

A copper track 0.2 wide, 25 pm thick (0‘005 mm?2) and
50 mm long is a ca. 172/217 mR at 25/85 °C. So even a few
mA supply current would lead to noticable voltage output errors.

Nexperia BC846B/BC856B:

hfFe = 220 at 2 mA/5 V/25 °C (= 65% of typical value)
65% of typical value at 35 mA/-40°C is hre = 50
VeE(sat) = 110 mV/40 mA/—40 °C

Nexperia MJD44H11A)/MID45HI1A):

hFe = 60 at 2 A/1 V/25 °C (= 40% of typical value)
40% of typical value at 1 A/-40°C is hfe = 55
VCE(sat) = 750 mV/1 A/-40 °C

Rpe should go
to V+, but emitter
is more convenient
in layout

All parts of this project may contain errors and are published without

assuming liability for any results.
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Series resistor to diagnose
Resistor converts balancing functionality
sourced current RE linearizes control
into input voltage Compensation of transistor Cn
e [ °
:I——gDCEn
R304
b Sotreed o close as Ri?j Rzi%f R296 R297 1.0 W
possible to the connector.
0.4% 0.4% 1°°c35 2.7k 250mW
CVisrcD —' > C86 (atpa:\'ftiveutoadinﬁ to umtd
O jzz . “2‘;3 == | kecp Shunt reguiator stable.
1) .2n z
In+ 1 3 Iy Lk uF/5 V25 7T
& 4 T18 Z D70
3| SMDJ5.0A
V+f N> u17 33;44’“1“ Prgkvents(eiceisive voltage
R294 g I NCV333ASQ3T2G spies e
15.4k |:| 0 a4 05ty
0.1% B N iy R242
@
ol 100n g@"”’
a2 R291 A
Y= A Cn-1
0.0 V-

Protect opamp
during voltage
transients (startup)

Voltage range (with Vin ~ 0.694..1.81 V) 1.76..4.60 V
V4 — Vo = Vin x (15.4 kQ + 10 kQ + 1

A copper track 0.2 wide, 25 pm thick (0‘005 mm?2) and
50 mm long is a ca. 172/217 mR at 25/85 °C. So even a few
mA supply current would lead to noticable voltage output errors.

Nexperia BC846B/BC856B:

hfFe = 220 at 2 mA/5 V/25 °C (= 65% of typical value)
65% of typical value at 35 mA/-40°C is hre = 50
VeE(sat) = 110 mV/40 mA/—40 °C

Nexperia MJD44H11A)/MID45HI1A):

hFe = 60 at 2 A/1 V/25 °C (= 40% of typical value)
40% of typical value at 1 A/-40°C is hfe = 55
VCE(sat) = 750 mV/1 A/-40 °C

Rpe should go
to V+, but emitter
is more convenient
in layout

All parts of this project may contain errors and are published without
assuming liability for any results.
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Series ers'\StDr FD d\'?gnose
Resictor converte balancing functionality
sourced current RE linearizes control
into input voltage Compensation of transistor Ca
S
:I——gDCEn
R292
borout feedbock shouis R281 R283 R284 R285 1.0 e
possible to the connector. 10k 10k 100 2.7k 250mw
0.1% 0.1% can :
c83 P
CV\SVCD 4| > Capacitive loading to limit
o M Pl AL
10) .2n 3
In+ 1 3 Iy Lk uF/5 V25 7T
> 4 T1p Z D68
1 s SMDJ5.0A
-
ng P it i s
R282 o S 3(1:\6/333ASQ3T2G MIDA4HLLA) witd o dor-up
s [] B
0.1% L LS8 R241
@
-3 100n gif’”’
= R290 st0
V= ¢
A M n-1
0.0 "

Protect opamp
during voltage
transients (startup)

Voltage range (with Vin ~ 0.694..1.81 V) 1.76..4.60 V
V4 — Vo = Vin x (15.4 kQ + 10 kQ + 1

A copper track 0.2 wide, 25 pm thick (0‘005 mm?2) and
50 mm long is a ca. 172/217 mR at 25/85 °C. So even a few
mA supply current would lead to noticable voltage output errors.

Nexperia BC846B/BC856B:

hfFe = 220 at 2 mA/5 V/25 °C (= 65% of typical value)
65% of typical value at 35 mA/-40°C is hre = 50
VeE(sat) = 110 mV/40 mA/—40 °C

Nexperia MJD44H11A)/MID45HI1A):

hFe = 60 at 2 A/1 V/25 °C (= 40% of typical value)
40% of typical value at 1 A/-40°C is hfe = 55
VCE(sat) = 750 mV/1 A/-40 °C

Rpe should go
to V+, but emitter
is more convenient
in layout

All parts of this project may contain errors and are published without
assuming liability for any results.
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Series resistor to diagnose
Resistor converts balancing functionality
sourced current RE linearizes control
into input voltage Compensation of transistor Cn
e [ °
:I—gDCEv
R280
Larout feedhack shouts - R269 R271 R272 R273 1.0 s
possible to the connector. 10k 10k 100 2.7k 250mw
0.1% 0.1% c79 !
CVisrcD —' > €80 (atpa:\'ftiveutoadinﬁ to umtd
0 :' 5 . “2;: == | kecp Shunt reguiator stable.
ol .2n i
In+ 1 3 Iy Lk uF/5 V25 7T
> 4 T1p Z D66
31 wsv SMDJ5.0A
Q27 )
V+f ~| U15 Prevents excessive voltage
R270 o P NCV333ASQ3T2G MJD44HL1A) spikes. ot start-up
15.4k |::| g c78 051V
0.1% Ao R240
@
w2 100n g@"”’
== R289 e
Y= * Cn-1
0.0 =

Protect opamp
during voltage
transients (startup)

Voltage range (with Vin ~ 0.694..1.81 V) 1.76..4.60 V
V4 — Vo = Vin x (15.4 kQ + 10 kQ + 1

A copper track 0.2 wide, 25 pm thick (0‘005 mm?2) and
50 mm long is a ca. 172/217 mR at 25/85 °C. So even a few
mA supply current would lead to noticable voltage output errors.

Nexperia BC846B/BC856B:

hfFe = 220 at 2 mA/5 V/25 °C (= 65% of typical value)
65% of typical value at 35 mA/-40°C is hre = 50
VeE(sat) = 110 mV/40 mA/—40 °C

Nexperia MJD44H11A)/MID45HI1A):

hFe = 60 at 2 A/1 V/25 °C (= 40% of typical value)
40% of typical value at 1 A/-40°C is hfe = 55
VCE(sat) = 750 mV/1 A/-40 °C

Rpe should go
to V+, but emitter
is more convenient
in layout

All parts of this project may contain errors and are published without
assuming liability for any results.

Frank Bdttermann (frank /at/ ich—war—hier.de)

Sheet: /CVPwr5/
File: cvpwr2.kicad_sch

CERN-OHL-S
2.0

Title: Cell voltage, temp. and current sim. (power) (CVTCS—P)

Size: A5 [ Date: 2025-07-29

Rev: 0.2.1

KiCad E.D.A. 9.0.3

Id: 16,/29

I 3 I

T




1 T 2 T 3 I 5
Series vres'\stur gu d\'@gnose
Recistor converte balancing functionality
sourced current RE linearizes control
into input voltage Compensation of transistor Cn
e [ °
:I——gDCEn
R268
borout feedbock shous  R257 R259 R260 R261 1.0
possible to the connector. 10k 10k 100 2.7k 250mw
0.1% 0.1% 76 :
CVisD: —HE - o Capsin touing o it
<> 20 . 25: —— keep shunt regulator stable.
0| .2n N
In+ 1 3 Iy Lk uF/5 V25 7T
> 4 T1 Z D64
1 s SMDJ5.0A
-
Q25 P it i s
R258 bl S B0 3(1:\‘;333ASQ3T2G MIDA4HLLA) witd o dor-up
15.4k |:| o 75 05ty
0.1% B N iy R231
@
-3 100n gif’”’
= R288 st0
V= ¢
L 2 n-1
0.0 "

Protect opamp
during voltage
transients (startup)

Voltage range (with Vin ~ 0.694..1.81 V) 1.76..4.60 V
V4 — Vo = Vin x (15.4 kQ + 10 kQ + 1

A copper track 0.2 wide, 25 pm thick (0‘005 mm?2) and
50 mm long is a ca. 172/217 mR at 25/85 °C. So even a few
mA supply current would lead to noticable voltage output errors.

Nexperia BC846B/BC856B:

hfFe = 220 at 2 mA/5 V/25 °C (= 65% of typical value)
65% of typical value at 35 mA/-40°C is hre = 50
VeE(sat) = 110 mV/40 mA/—40 °C

Nexperia MJD44H11A)/MID45HI1A):

hFe = 60 at 2 A/1 V/25 °C (= 40% of typical value)
40% of typical value at 1 A/-40°C is hfe = 55
VCE(sat) = 750 mV/1 A/-40 °C

Rpe should go
to V+, but emitter
is more convenient
in layout

All parts of this project may contain errors and are published without
assuming liability for any results.
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Series resistor to diagnose
Resictor converte balancing functionality
sourced current RE linearizes control
into input voltage Compensation of transistor Cn
S
:I——gDCEv
R256
borout feedbock shouis 243 R247 R248 R249 1.0 W
possible to the connector. 10k 10k 100 2 7k 250mw
0.1% 0.1% 073 :
c74 I
CV\S({:D 4| > Capacitive loading to limit
o M A70 I | RSN
o) .2n i
In+ 1 3 Iy Lk uF/5 V25 7T
> 4 T1p Z D62
31 wsv SMDJ5.0A
Q23 )
V4f <] u13 Prevents excessive voltage
R246 < I NCV333ASQ3T26 MIDA4HLLA) e
sa[] B |
0.1% I S B R230
@
3 100n gif’”’
=] R279 o
V- Co-1
0.0 s

Protect opamp
during voltage
transients (startup)

Voltage range (with Vin ~ 0.694..1.81 V) 1.76..4.60 V
V4 — Vo = Vin x (15.4 kQ + 10 kQ + 1

A copper track 0.2 wide, 25 pm thick (0‘005 mm?2) and
50 mm long is a ca. 172/217 mR at 25/85 °C. So even a few
mA supply current would lead to noticable voltage output errors.

Nexperia BC846B/BC856B:

hfFe = 220 at 2 mA/5 V/25 °C (= 65% of typical value)
65% of typical value at 35 mA/-40°C is hre = 50
VeE(sat) = 110 mV/40 mA/—40 °C

Nexperia MJD44H11A)/MID45HI1A):

hFe = 60 at 2 A/1 V/25 °C (= 40% of typical value)
40% of typical value at 1 A/-40°C is hfe = 55
VCE(sat) = 750 mV/1 A/-40 °C

Rpe should go
to V+, but emitter
is more convenient
in layout

All parts of this project may contain errors and are published without

assuming liability for any results.
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Series ers'\stur FD d\'?gnose
Resictor converte - balancing functionality
T St roitage Compensation oF tranisier <Mt e
S
:I——gDCEn
R2L4
b Sotreed o close as Rﬁ: Rigf R236 R237 1.0
possible to the connector.
1% 1% 100Clsg 2.7k 250mwW
CVisreD> —HE - o Capacie st t G,
) 20 . 25: —— keep shunt regulator stable.
o) .2n i
In+ 1 o 3w iRy Wb pF/5 v/28 °C
> 4 T8 Z D60
31 wsv SMDJ5.0A
V4f <] u12 Q21 Prevents excessive voltage
R233 < I NCV333ASQ3T26G MIDA4HLLA) e
wn
sall B |
0.1% I o By R229
@
o 100n gif’”’
2R Ve R278 Zet0 o
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0.0 -

Protect opamp
during voltage
transients (startup)

Voltage range (with Vin ~ 0.694..1.81 V) 1.76..4.60 V
V4 — Vo = Vin x (15.4 kQ + 10 kQ + 1

A copper track 0.2 wide, 25 pm thick (0‘005 mm?2) and
50 mm long is a ca. 172/217 mR at 25/85 °C. So even a few
mA supply current would lead to noticable voltage output errors.

Nexperia BC846B/BC856B:

hfFe = 220 at 2 mA/5 V/25 °C (= 65% of typical value)
65% of typical value at 35 mA/-40°C is hre = 50
VeE(sat) = 110 mV/40 mA/—40 °C

Nexperia MJD44H11A)/MID45HI1A):

hFe = 60 at 2 A/1 V/25 °C (= 40% of typical value)
40% of typical value at 1 A/-40°C is hfe = 55
VCE(sat) = 750 mV/1 A/-40 °C

Rpe should go
to V+, but emitter
is more convenient
in layout

All parts of this project may contain errors and are published without
assuming liability for any results.
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Series ers'\stur FD d\'?gnose
Resistor converts balancing functionality
sourced current RE linearizes control
into input voltage Compensation of transistor Ca
S
:I——gDCEn
R375
borout feedbock shouis 221 R223 R224 R225 1.0 ™
possible to the connector. 10k 10k 100 2.7k 250mW
0.1% 0.1% 67 :
c68 P
CVisreD- —' > Capacitive loading to limit
o A70 I | RSN
0 .2n 3
In+ 1 3 Iy Lk uF/5 V25 7T
& 4 T18 Z D58
1 s SMDJ5.0A
V+f = u11 Q19 Prevents excessive voltage
R222 =1t ™ Novassasasae MJD44H11A) e
15.4k |:| o 05ty
0.1% Lo L C86 R232
@
2 100n g@"m
a2 R226 A
Y= c
A D n-1
0.0 V-

Protect opamp
during voltage
transients (startup)

Voltage range (with Vin ~ 0.694..1.81 V) 1.76..4.60 V
V4 — Vo = Vin x (15.4 kQ + 10 kQ + 1

A copper track 0.2 wide, 25 pm thick (0‘005 mm?2) and
50 mm long is a ca. 172/217 mR at 25/85 °C. So even a few
mA supply current would lead to noticable voltage output errors.

Nexperia BC846B/BC856B:

hfFe = 220 at 2 mA/5 V/25 °C (= 65% of typical value)
65% of typical value at 35 mA/-40°C is hre = 50
VeE(sat) = 110 mV/40 mA/—40 °C

Nexperia MJD44H11A)/MID45HI1A):

hFe = 60 at 2 A/1 V/25 °C (= 40% of typical value)
40% of typical value at 1 A/-40°C is hfe = 55
VCE(sat) = 750 mV/1 A/-40 °C

Rpe should go
to V+, but emitter
is more convenient
in layout

All parts of this project may contain errors and are published without
assuming liability for any results.
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	C28
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	D15
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	R69
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	D9
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	R34
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	R36
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	R46
	R47
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	C5
	C6
	C7
	C8
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	D3
	D4
	D5
	D6
	D7
	D8
	Q1
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	R11
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	R13
	R14
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	R21
	R22
	R23
	R24
	R25
	R26
	R27
	R28
	R384
	R385
	R386
	R396
	R397
	R8
	R9
	TP20
	TP21
	TP43
	TP44
	TP45
	TP46
	TP47
	TP48
	U2
	U2
	U2
	U2
	U2
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	CT
	CT_{Set}
	V+
	V-

	Symbols
	#SYM1
	C1
	C139
	C2
	C4
	D1
	D2
	R2
	R3
	R4
	R5
	R6
	R7
	TP19
	TP42
	U1
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	CE_{n}
	CV_{ISrc}
	C_{n-1}
	C_{n}

	Symbols
	#SYM29
	C117
	C118
	C119
	D91
	D92
	Q52
	Q53
	R277
	R326
	R425
	R426
	R427
	R428
	R429
	R430
	R431
	R436
	TP18
	U28
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	CE_{n}
	CV_{ISrc}
	C_{n-1}
	C_{n}

	Symbols
	#SYM28
	C114
	C115
	C116
	D89
	D90
	Q50
	Q51
	R276
	R325
	R413
	R414
	R415
	R416
	R417
	R418
	R419
	R424
	TP17
	U27
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	Hierarchical Labels
	CE_{n}
	CV_{ISrc}
	C_{n-1}
	C_{n}

	Symbols
	#SYM27
	C111
	C112
	C113
	D87
	D88
	Q48
	Q49
	R267
	R324
	R401
	R402
	R403
	R404
	R405
	R406
	R407
	R412
	TP16
	U26
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	Hierarchical Labels
	CE_{n}
	CV_{ISrc}
	C_{n-1}
	C_{n}

	Symbols
	#SYM26
	C108
	C109
	C110
	D85
	D86
	Q46
	Q47
	R266
	R315
	R389
	R390
	R391
	R392
	R393
	R394
	R395
	R400
	TP15
	U25
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	CE_{n}
	CV_{ISrc}
	C_{n-1}
	C_{n}

	Symbols
	#SYM25
	C105
	C106
	C107
	D83
	D84
	Q44
	Q45
	R265
	R314
	R377
	R378
	R379
	R380
	R381
	R382
	R383
	R388
	TP14
	U24
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	Hierarchical Labels
	CE_{n}
	CV_{ISrc}
	C_{n-1}
	C_{n}

	Symbols
	#SYM24
	C102
	C103
	C104
	D81
	D82
	Q42
	Q43
	R264
	R313
	R365
	R366
	R367
	R368
	R369
	R370
	R371
	R376
	TP13
	U23
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	Hierarchical Labels
	CE_{n}
	CV_{ISrc}
	C_{n-1}
	C_{n}

	Symbols
	#SYM23
	C100
	C101
	C99
	D79
	D80
	Q40
	Q41
	R255
	R312
	R353
	R354
	R355
	R356
	R357
	R358
	R359
	R364
	TP12
	U22
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	Hierarchical Labels
	CE_{n}
	CV_{ISrc}
	C_{n-1}
	C_{n}

	Symbols
	#SYM22
	C96
	C97
	C98
	D77
	D78
	Q38
	Q39
	R254
	R303
	R341
	R342
	R343
	R344
	R345
	R346
	R347
	R352
	TP11
	U21
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	Hierarchical Labels
	CE_{n}
	CV_{ISrc}
	C_{n-1}
	C_{n}

	Symbols
	#SYM21
	C93
	C94
	C95
	D75
	D76
	Q36
	Q37
	R253
	R302
	R329
	R330
	R331
	R332
	R333
	R334
	R335
	R340
	TP10
	U20
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	CE_{n}
	CV_{ISrc}
	C_{n-1}
	C_{n}

	Symbols
	#SYM20
	C90
	C91
	C92
	D73
	D74
	Q34
	Q35
	R252
	R301
	R317
	R318
	R319
	R320
	R321
	R322
	R323
	R328
	TP9
	U19
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	Hierarchical Labels
	CE_{n}
	CV_{ISrc}
	C_{n-1}
	C_{n}

	Symbols
	#SYM18
	C87
	C88
	C89
	D71
	D72
	Q32
	Q33
	R243
	R300
	R305
	R306
	R307
	R308
	R309
	R310
	R311
	R316
	TP8
	U18
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	CE_{n}
	CV_{ISrc}
	C_{n-1}
	C_{n}

	Symbols
	#SYM17
	C84
	C85
	C86
	D69
	D70
	Q30
	Q31
	R242
	R291
	R293
	R294
	R295
	R296
	R297
	R298
	R299
	R304
	TP7
	U17
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	CE_{n}
	CV_{ISrc}
	C_{n-1}
	C_{n}

	Symbols
	#SYM16
	C81
	C82
	C83
	D67
	D68
	Q28
	Q29
	R241
	R281
	R282
	R283
	R284
	R285
	R286
	R287
	R290
	R292
	TP6
	U16
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	CE_{n}
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	C_{n-1}
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	Symbols
	#SYM15
	C78
	C79
	C80
	D65
	D66
	Q26
	Q27
	R240
	R269
	R270
	R271
	R272
	R273
	R274
	R275
	R280
	R289
	TP5
	U15
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	CE_{n}
	CV_{ISrc}
	C_{n-1}
	C_{n}

	Symbols
	#SYM14
	C75
	C76
	C77
	D63
	D64
	Q24
	Q25
	R231
	R257
	R258
	R259
	R260
	R261
	R262
	R263
	R268
	R288
	TP4
	U14
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	CE_{n}
	CV_{ISrc}
	C_{n-1}
	C_{n}

	Symbols
	#SYM13
	C72
	C73
	C74
	D61
	D62
	Q22
	Q23
	R230
	R245
	R246
	R247
	R248
	R249
	R250
	R251
	R256
	R279
	TP3
	U13
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	CE_{n}
	CV_{ISrc}
	C_{n-1}
	C_{n}

	Symbols
	#SYM12
	C69
	C70
	C71
	D59
	D60
	Q20
	Q21
	R229
	R233
	R234
	R235
	R236
	R237
	R238
	R239
	R244
	R278
	TP2
	U12
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	Symbols
	#SYM11
	C66
	C67
	C68
	D57
	D58
	Q18
	Q19
	R221
	R222
	R223
	R224
	R225
	R226
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	R228
	R232
	R375
	TP1
	U11




