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Figure 1. General Purpose Test System Figure 3. Matrix Switch
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1. Keithley 7001 Switch/Control Mainframe &4}

1.1 FHEA Keithley 7001 1= E3645

DISPLAY: Dual-line vacuum fluorescent.
Ist line:20-character alphanumeric.
2nd line:32-character alphanumeric.
REAR PANEL CONNECTORS:
IEEE-488
8-pin micro-DIN connector for digital 1/0
8-pin micro-DIN for Trigger Link
8§-pin micro-DIN for Trigger Link expansion
BNC for External Trigger
BNC for Channel Ready
POWER: 100V to 240Vrms, 50/60Hz, 50VA maximum.

EMC: Conforms to European Union Directive 89/336/EEC,
EN61326-1.

SAFETY: Conforms to European Union Directive 73/23/
EEC, EN61010-1.

EMI/RFI: Meets VDE 0871B and FCC Class B.
ENVIRONMENT:
Operating: 0°-50°C, <80% relative humidity (0°-35°C).
Storage: —25° to +65°C.

DIMENSIONS, WEIGHT: 89mm high x 216mm wide x
375mm deep (32 in X 8% in X 1434 in). Net weight
3.4kg (7Y Ibs).




System Analog Backplane

CAPACITY: 2 plug-in cards per mainframe. SIGNALS: Four 3-pole rows (Hi, Lo, Guard). These signals pro-
MEMORY: Battery backed-up storage for 100 switch patterns vide matrix and multiplexer expansion between cards within
SWITCH SETTLING TIME: Auromatically selected by the main- one mnmffame ; o o .
frame for each card. Additional time from 0 10 99999.999 MAXIMUM VOLTAGE: 250V DC, 250V rms, 350V AC peak, sig-
seconds can be added in 1ms increments. nal path to signal path or signal path to chassis.
TRIGGER SOURCES: MAXIMUM CURRENT: 1A peak.
External Trigger (TTL-compartible, programmable edge PATH ISOLATION:
600ns minimum pulse, rear panel BNC). >101€2, <50pF path to path (any Hi, Lo, Guard to
IEEE-488 bus (GET, *TRG) another Hi, Lo, Guard).
Trigger Link >101€2, <50pF differential (Hito Lo or Hi, Lo to Guard).
Manual (front panel) =102, <75pF path 1o chassis.
Internal Timer, programmable from 1ms to 99999999 CHANNEL CROSSTALK: <—65dB @ 1IMHz (50€2 load)
seconds in 1ms increments. BANDWIDTH: <3dB loss at 100MHz (50£2 load)

STATUS OUTPUT: Channel Ready (TTL-compatible signal,
rear panel BNC). Low going pulse (10us typical) issued

after relay settling rime. For two different switch cards, 1IEEE-488 BUS IMPLEMENTATION

7001 will be set to the slowest relay settling time.
SWITCHING SEQUENCE: Automaric break-before-make.

MAINF'RA.\IE DIGITAL I/0O: 4 open-collector outpurs MULTILINE COMMANDS: DCL. LLO. SDC. GET. GTL.
(30V maximum pull-up voltage, 100mA maximum sink

INT, U
current, 10€2 outpur impedance), 1 TTL compatible inpur, L '\”'vl‘N]" SPE, SPD. )
1 common. UNILINE COMMANDS: IFC, REN, EOI, SRQ, ATN.

RELAY DRIVE: 700mA maximum for both card slots. INTERFACE FUNCTIONS: SH1, AHLTS5, TEO, L4, LEO
SR1, RLL, PPO, DC1, DT1, CO, E1.

STANDARDS CONFORMANCE: Conforms to SCPI-1990,
IEEE-488.2, and IEEE-488.1

CARD SIZE: 32mm high x 114mm wide < 272mm long (1% in
x 42 in x 10% in)

CARD COMPATIBILITY: Fully comparible with all
TXXX cards.

1.2 Keithley 7001 IERAY 1/0 SEHEEBAT#AY, ATHIFSEE

Selector Guide  Switch Cards for 7001, 7002

No. of Contact  Max. Max. Max.  Contact Offset Recomm. Connection
Channels Card Config. Config. Voltage Current Power Potential Current Frequency Type CE Comments

HIGH DENSITY

7011-C 40 Multiplexer ~ 2formA 110V 1A 60VA <1uV <100pA 2MHz Comnector  Yes 10r independent 110 muliiplexcers,
connection to backplane

70115 i0 Multiplexer  2formA 110V 1A 60VA <500V <l0OpA  2MHz i G CCETEGT PR
connection to backplane

7012-C 4x10 Matrix 2 form A 110v 1A 60VA <1p¥ <100pA 2MHz Connector Yes Rows connect to analog backplane

T012-8 4x10 Matrix 2 form A 110v 1A 60VA <5000V <100pA 2MHz Screwterm.  Yes Rows connect to analog backplane

T013-C 0 Isolated Switch 2 form A 110V 14 GOVA <1uV <100pA 10MHz Connector Yes

T013-5 20 Isolated Switch 2 form A 110V 1A 60VA <5000V <100pA 10MHz Screw term.  Yes

7015-C 40 Multiplexer 2 form A 175V 3dmA 0.3VA <5uV <lnA 500kHz Connector Yes  Solid state switch for high reliability

T015-8 40 Multiplexer 2 form A 175V 34dmA 0.3VA <5uV <lnA 500kHz Screwterm.  Yes  Solid state switch for high reliability

7018-C 28 Multiplexer 3 form A 110V 1A 6OVA <5uV <100pA 2MHz Connector Yes 3 pole switching

T018-§ 28 Multiplexer 3 form A 110V 14 GOVA <5uv <100pA 2MHz Screwterm.  Yes 3 pole switching

7035 36 Multiplexer 2 form A 6OV 1A 30VA <1V <100pA 10MHz Connector Yes 9 independent 1x4 multiplexers

7036 40 lsolated Switch  1formA 6OV 1A 30VA <iuV  <100pA  10MHz e e e R e

switching
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T111-8 40 Multiplexer 1 form C 1nov 1A 60VA =500nV <100pA 2MHz Screw term Yes .
connection to backplane
Control
7020 o ] - i
7020.D 80 Digital 'O Connector Yes 40 inputs/40 outputs
L Isolated/ 30 independent channels of
Q T037-D* 3020 Digital IO 1 form A 110V 1A 30VA <duvV <100pA 10MHz Connector Yes  l-pole switching, 10 digital inputs,
:g By 10 digital outputs
.| 7065 See page 211 for details Hall Effect measurement buffer card
—
g HIGH CURRENT
Q£ 7053 10 Multiplexer 2 form A 300V A 100VA <ImV IMHz Screw term
U
\48 HIGH VOLTAGE
7154 10 Multiplexer 2 form A 1100V 500mA 10VA <35uV IMHz Screw term Yes
LOW CURRENT
7152 x5 Matrix 2 form A 200V 500mA 10VA <20uV <lpA G0MHz Connector Yes
T153 4%5 Matrix 2 form A 1300V 500mA 10vA <50uV <lpA G0MHz Connector Yes
7158 10 Multiplexer 1 form © 30V 100mA <200uV <lIpA IMHz BNC Yes
LOW VOLTAGE
T168 8 Multiplexer 2form A 10V 50mA <30V 1kHz Screw term.  Yes
7153 45 Marrix 2 form A 1300V 500mA 10vA <50uv <lpd 60MHz Connector Yes
7158 10 Multiplexer 1 form C 30V 100mA <200uV <IpA IMHz BNC Yes
LOW VOLTAGE

7168 8 Multiplexer 2 form A 10V 50mA <30nV 1kHz Screw term.  Yes




&4~ 7001 Switch Mainframe B 2 MNMEfE. ZEBRIFE 7001 Switch
Mainframe LA —/MEBRFEE# REH (Keithley 7158, Low Current Scanner

Card), RE 7.

+ Sub-picoamp offset current

* Maintains current path for
unselected channel

* BNC connectors

Low Current
Scanner Card

Low Noise Male to
Male BNC Input Cable

&l 7. Keithley 7158 354

Low Current Scanner Card

10-channel

The Model 7158 provides quality low-current
switching ar an affordable price. The offset
current error generated is specified <1pA, with
typical performance ar <30fA. When used with a
volrage source and electrometer or picoammeter,
this card can easily automare insulation resistance
tests, reverse leakage tests on semiconductor
junctions, or gate leakage tests on FETs.

The Model 7158 is designed to maintain the
current path even when the channel is deselected.
Input connectors are BNC for shielding of the
sensirive measurements and for comparibility with

low noise coaxial cables such as Keithley accessory

cables Models 4801 and 4803. Two outputs are
provided to allow for chaining several scanner
cards to one measurement instrument, and an
isolation relay in the outpur HI minimizes interac-
tion berween cards.

CHANNELS PER CARD: 10.

CONTACT CONFIGURATION: Single pole, simultaneous break
and make for signal HI inpur. Signal LO is common for all 10
channels and outpur. When a channel is off, signal HI is con-
nected 1o signal LO.

CONNECTOR TYPE: BNC.

RELAY DRIVE CURRENT: 100mA per card typical (regardless
of channel closures selected).

MAXIMUM SIGNAL LEVEL: 30V, 100mA peak (resistive load).

CONTACT LIFE: >10¢ closures at maximum signal levels;
=107 closures at low signal levels.

CONTACT RESISTANCE: <1€).

CONTACT POTENTIAL: <200V,

OFFSET CURRENT: <1pA (<30fA typical).

3dB BANDWIDTH: IMHz typical.

ACTUATION TIME: <1ms, exclusive of mainframe.

CHANNEL ISOLATION: =104,

INPUT ISOLATION: Differential: >10°C2, <50pF.
Common Mode: >10°Q, <150pF.

COMMON MODE VOLTAGE: <30V maximum.

ACCESSORIES AVAILABLE

4801 Low Noise Male to Male BNC Input Cable

4802-10 Low Noise BNC o Unterminated Cable, 10 ft.

4803 Low Noise BNC Cable Kit for 7158
SERVICES AVAILABLE

T158-3Y-EW L-year factory warranty extended to 3 years

from dare of shipment

- C o C — O
i &\‘f IOutput

o ;T’ o

0
O———+—C_ I QOutput
2

B 8 Keithley 7158, Low Current Scanner Card &4}

["e]
]
=
£
E
©
=
=
P
=
v
o
S
~
o
c
o
3
h
£
=
)
2]
=2




B 9. 7158 &I (1-4) FisrH & 10. 7158 #H4HI (5-10)

1.3 Keithley 7001 Ry JEIE

7001 BEHAESANEEBER, RS TEZHNMEANLSBEEL. B 10.
E7R7T Keithley 7001 B3 5 HEE.

AN EZEARBARTIREAT AT

1) EHFHK (Digital Board)
A EMALELS MC 68302), BIERYS, F7k#s, IEEE-488 #EIAISCHFR
2.
2) Ja#k (Backplane)
RN B S B ERAEM R Z B PEED, 7001 BENREE,
3) &~k (Display Board)
BEATRNCERSE (VFD) , ATEHNMBMAERERE, BRK
SRR TH AR FEFE .
4) BNC A% (BNC Board)
EHEIR, B REEHIE S R SR R .
5) Micro-DIN Ak
BEORBER, FEREE 1/0 A Trigger Link micro-DIN #EH:F| ¥+
R o
6) ELJEMR (Power Supply Board)
FroBU IR, 45 +6VDC F1 +14. 6VDC B HAMAR A B 58
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& 10. Keithley 7001 BRI HHERE.

Figure 6-1
Model 7001 system block diagram



2. Keithley 7001 B8 53 3

2.1 BfT Keithley 7001 A &Y B #5M
1) MENU -> TEST —> ENTER
2) BUILD-IN-TEST —> ENTER
3) AUTO -> ENTER —> REPEAT? -> YES -> ENTER

BRI ATT 46, EEI4Z EXIT

2.2 BxKeithley 7001 WF&BEIAGE
1) POWER OFF
2) [FIFF#F MEMORY F1 6
3) POWER ON

2.3 BRBMERET

Keithley 7001 #7 P ERIALE AR 40 BH@EE S FHENLEE Device
9990) , RVFEMARIIRMETT RSN 1/0 Fa4F. BRAE T —MEE R 73S PuE
REREARIE.

R BRAE TN DL T 84
1) RHAFITIFEE (Close and open channels)
2) F#iEE (Scan channels)

2.3.1 BHI#EIE 1 - Reset System to Manufacture Default Setting
1) MENU —> SAVESETUP —> ENTER
2) RESET —> ENTER -> See message “RESET COMPLETE”
3) ENTER -> EXIT

2.3.2 BEHIEIE 2 - Select Simulator Device “9990” Installed at lot 2
1) CARD CONFIGURATION —-> TYPE —>ENTER
2) SLOT-2 —> ENTER —> XK &7~ “SLOT-2 CARD:XXXX”
3) Select “9990” —> ENTER
4) EXIT -> EXIT.

2.3.3 FHPAE 3 - Close/Open Channels
Close/Open Channels #EAELSEEAHIEFIE Channel List.
THIEPEIL Slot 2 FIBEEHIEERN chl, ch2 BLK ch6 F ch9.
1) CLEAR LIST -> XK &7~ “SELECT CHANNELS”
2) 2 -> 1 —> ENTER
3) 2 -> 2 —> ENTER
4) 2 -> 6 -> ‘- ¢ ->9 -> ENTER
X &7~ “SELECT CHANNELS 2!1, 212, 216-219” , F/R&E1E OB,



PLTEST T/ &@iE
5) CLOSE —-> I _LHE K& 8iE
6) OPEN —> FJFF L& I &EIE

2.3.4 BERIFIE 4 - Scan Channel Manually

1) 4B#3L Scan List
(1) CLEAR LIST -> SCAN LIST

(2) FHI&2B =4 SCAN LIST A4 Slot 2 i chl 2| ch20.
2->1-> ‘= ¢->2->0->ENTER

XA E~  “SCAN CHANNELS 2!1-2120” , ®xEEHH#EIE chl 3] ch20.

2) BITFIEM: BRI STEP KART—AVEE BT 5 —MBiE.

2.3.5 MEHIEIE 5 - Scan Channel Automatically
FABR#RME 4 HP=4E R SCAN LIST (FI-F#3#i Slot 2 19 chl 2] ch20) FE

AN ch 3TTF /SR H I TR BRI [ B T 2AT B 3h4a #.

THIEMEF=4 B33 20 4 ch, A ch ITFF/RAKIEIRE 0. 5 #.

1) OPEN ALL

2) SCAN CONFIGURATION

3) % CHAN-CONTROL —> ENTER

4) % CHANNEL-SPACING —> ENTER

5) # IMMEDIATE -> ENTER

6) EXIT -> EXIT

7) % CARD CONFIGURATION -> DELAY -> ENTER
XBFE7~ “SET DELAY FOR SLOT ?”

8) % SLOT-2 —> ENTER
XBFE2R  “(2) DELAY=0000. 000”

9) T _ ERFFFEEEN “(2) DELAY=0000. 500”

10) ENTER -> EXIT -> EXIT

11) =47 833 #: #% STEP B u[i247 H 301344 ; 530434 SLOT-2 #J 20 4 ch

IR 0.5 %), #% OPEN ALL =g zh#3#.

3. References

1) Keithley 7001 Switch System Instruction Manual, Keithley, 2001.
https://www.imperial.ac.uk/media/imperial-college/research-centres-and-
groups/centre-for-bio-inspired-technoloqy/7293200.PDF

2) Switching and Control, Keithley, 2001.
https://www.tek.com/datasheet/switching-and-control

3) Test Equipment Solutions Datasheet, Keithley 7001 Switch System,

Test equipment Solutions Ltd.
www.testequipmenthg.com/datasheets/ KEITHLEY-7001-Datasheet.pdf
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4. Appendix Mis%

LT

“nt

INFO

Displays on-line help
information. Press
again (or EXIT) to
cancel message.

LOCAL

Cancels remote, restores
front panel contral.

POWER
0 =off
1=on

OPEN ALL

Opens all channels of
both slots_ Also, aborts
ascan thatis in
progress and places
7001 in idle state.

SCAN LIST
Toggles between Scan
List and Channe| List

CLEARLIST
Clears the displayed
Channel List or Scan
List.

STEP

Takes 7001 cut of idle
state and steps through
Scan List

10

1

12

STORE

Stores channel pattemn at a
specified memory location_

RECALL

Restores 7001 to a channel
pattern stored at a specified
memery location.

OPEN
Opens the specified (displayed)
channels in Channel List.

SCAN CONFIGURATION
Enables CONFIGURE SCAM
MEMU :

CHAN-CONTROL
SCAM-CONTROL
ARM-CONTROL
CHAN-RESTRICTIONS

CARD CONFIGURATION
Enables CARD CONFIG MENU :
TYPE

#OF-POLES

CARD-PAIR

DELAY

READ-/O-CARD

MENU

Enables MAIN MENLU:
SAVESETUP

GPIB

DIGITAL-IO

TEST

LANGUAGE

GENERAL

16—

13

14

15

16

CLOSE
Clozes the specified (displayed)
channels in Channel List.

DELETE

Delete selected entry from
Channel List or Scan List.
INSERT

Insert next entry at selected
location in the Channel List or
Scan List.

241

Back up to previous menu selection, or

exit from the menu.

ENTER
Execute the pending operation. Also,
separate channels and terminate a
Channel List or Scan List.

KEYPAD

D - 9; use to enter numbers.
- use to specify a range of
channels (i.e. 111 - 140).
M ; use to precede a specified
memory location number.

<] ; use to move cursor left or

o= ; use to move cursor night. Also,
use to separate channels and
terminate a Channel List on Scan
List.



CARD 1
Slot 1 for switch card. Corresponds
to Card 1 channel status display.

CARD 2
Slot 2 for switch card. Corresponds
to Card 2 channel status display.

IEEE-488

CONNECTOR
Use standard IEEE-488 cables.

DIGITAL IO
Micro 8-pin DIN connector. Port
consists of four TTL output lines and

one TTL input line (one common line).

TRIGGER LINK IN AND

ouT
Two micro 8-pin DIN connectors.

CHANNEL READY
Female BNC connector for TTL output
trigger pulse.

EXTERNAL TRIGGER
Female BNC connector for TTL input
trigger pulse.

LINE POWER INPUT
WARNING: Connect to grounded outlet
using three-wire power cord.

10



£ 40 t'od H |

m.

n__u____.ﬂ-wxzdb SH/HED EEE)

N—_rTJaﬂ BOT=TO0L .!_ :.n.ul___.l_-u-

O¥Y0E H1IaIa
JILWH3HIS

1211141

i k| By

s

Labbbh

0 o

v marenerarier aawryy | A3 IHLIIN

o] B o L

TOTH ¥ J0TH SHEAMIT TWLISHE 10N 00+

Totn ‘eotn wa

E0TH "DOTH Hir

E0TH 20TH HITHT

an oE |t

£¥ o8 ¥

e L)

nlElglak|Re(y

L3 8

L

B
B
L
8 | ea
0¢ |<m (wa |0n

LZ D ¥ I 0wWWa OET
" na =

ZE xS T UL WaomaT

EIZTTIQT & B £ ©
TH3IN WOLLIOE )
S0EBSIH W04

AUHHY OIHD WId

ﬂ SAGHEAS
_H /ORI

U -TH

[

E 1
|
1
£
L)
oo
woon
comn I
L i
co0n
2000 e
T 8
s
ToEL
per t
L
w
=
Pt .
woo
neosTa
rae
ﬂ|an|_|:umﬁ
a 'y
P T I S— gy s—
= = =
= TRrar ] [ e
[ = W
S wawE oLt LA
fecr ] ol oSl oare ESE o
[T —a ||| S et] e [T
= Jo1 PR 1y v o—2 e L
i i &
e L. ", oy souspE—H
8a e 1ot8 as 2 imew  ensi—H
2 MBat | 1 [y |/iam Bpa..ﬂ|u.. i
= *3H00 Tlearau  sus
v = E™ o -
s b cousfE
20 = nE+ i et [
1 e
W ey : zoisft
= 3 M s Hisle
= . CTEH = 52
= = & HE
= tHLI8 =
& /156545 B—

51

ZEIIRELE

FER LR T P EEEEEEH

HHMEREEAAES

3

b
G-

| ome B ey ¥




£ 40 284 T

z

af T SH/HrD
7|

=T

mﬁﬂ_.gm. PoT-To0L l_ o | gl

Ti@eNI 1N atoIr
UHYOE W1ISIa e %
OIlUMEHIS wr T-0E-9
aun o auuog|
e+ FERTE T e < dsud
HIozes [ < Inraza hiJ @M‘ neree  900I" na
W FEE 7T . e 30014
7IES 071 . HLIm
_-]. 5 /BT BILUE O3ISNMN 5310y
ey OXEdEE
b~ e \% w
aH .
N koaid °ah_ fE ant <
axEds __o&ﬂ ofu__l .
on G- FaamEiE : . I ! lire 1aly
1 360815 peS— et
- Tia g Wiaes
W
- < 12T %
— ] Tud [ g
E mm E  wled a1 aozg] - ant ! & ' -
h Tia 101 e 1 HE 1| 2053F  terd]
0 v . 1 oha \ o
Bl - -
P g A U g e
w0 1 1 ol
Lo — - 4
HERLETH
Vit A
vMﬂ —] oud
n'e
b :
e P soltr
] -+
| soofr
&g ™ &
~ < s+
221-T00¢ = seotr
oMy0E o
NI HOEE s " sostr
NO w 62T
TAE+
sO0TC T s00%r
HLIH S3Luw Sz 20160 K 3_*_ n T axies T
sodtr
e
“ *T
s 18 6210 s0tr
o ZTT-T00L
so0ir
auyos
—
sootr AYIdSIO
=
oo [ AN HO
TELEaAEIad -4 L o oot
— (5] - spote
Oy e iie H1INM S3lEW
o0t
AxdvsONTD
ERTT] aads o _ AR bkl T2TE TIWASNL 10N ©
WIOATD el 21 ’
22 [[35] 274 sootr
0z (T3]
[ /1SHSAE gEid coftr
<Ivad
BT mewmn.
oot
T
soetr
_ 0 =
I 2 g =




€ 49 £'94 T |

e e ] SHID WIX

BET-TO0L

J8Y0E WIIOIa
OLLEWIHIS

un

P eadiyadtdd FERTITE €171

TToryA 1oryA
EOI¥D ‘Gory2
GILYTAS O _LOIY -

3331

=

200tr

11,

e0d

1

200

i

eooeir

1

20

mo_._m_..

i

2000

1

20

N-.-omnﬁ

e

e

N____:M.

5%

T
e0otr

w1
MM ———] taize
ooT

138 [—

ELTHEE

o

o

nEe




